HP 'OMJEGA:' INSTRUCTION SET 
SEPT-EMBER 19, 196R 
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INSTRUCT i OH FORMAT 



**************** ***>»*******# * -**#**i,* * ** * * * *** * 

*I* 0»- , * ft. * X , ",* a */' * 

* *''- ... * * ■■ ■. '.,.'■*. * *•' 

«*****************<$**'***********************.** 

I » INDIRECT 'SIT:,' 

0° b OPERATION CODE <vS-t2/') 

. P s REGISTER REFERENCE t F I RST OPERAND > 

X.« REGISTER REFERENCE U NDEX *EGlSTER s OR SECOND OPERAND) 

A * ADDRESSING CONVENTION 

!' * DISPLACEMENT FIELD 



M.EMORY.- ADDRESS CM) r.OHPUTAT 1 ON* 



? .? 



i- a « 0, sfcohd: operand is register x 
indirect 81t is ignored ; 

'■:'..'•■ no validity checking. 

j r a » 1> address relative to program counter (p), 

Indirect addressing permitted 
x specifies an index register 

H a :(PVy+0)- MODULO 65K 
VALIDITY CHECK* 8< = M<»MPR .. 

a . '». 2, address relative to stack marker (0) 
indirect addressing permitted 
x specifies an index register 

M a SO*X+P) MODULO 65K 

validity check* &< m«bz 

'-" A o 3/ ADDRESS RELATIVE TO PaSE REGISTER (?) 

Indirect addressing permitted 

x specifies an index register 

M * <B+X+D) MODULO 6«5K 

.validity check » s<»m<*mpr 

|S '1TEs ADDRFSS AKITHMETIC MODULO f>5K PERMITS POSITIVF OK 
vEG&T I VE ■DISPLACEMENT C R0^ P, ?J , OR B.) 



PAGE 



if indirect *it;« 1 and a -j, ? , 0R 3l 



FPTCH THE WORD ADDRESSED BY D ♦ ( P, 0, OR B ) 
if THE LEFTMOST 8!T OF THIS N 0R p Is 1, 
*np B TO OTHER 31 BJTs, AND FFTCH THE 
WORD.:ADDPES$En 8Y THE RESULT I N9 SUM 
RFPEAT THIS CYCLE UNTL A WORD IS OSTAINFD 
WHOSE LEFTMOST SIT IS 0. ADO 8+X Tn THIS 
HORO; THE RESULT IS M, THE OPERAND ADDRESS 



FLOATING POINT NUMBER FORMAT 



******************* *. # ************* #1 

* * * 
*S* F_ * p 

# * *■'-•''■'.'. 



'*********** 

. . * 

************ ********,************************** 

— — 3t 



8,1 



'9,18- 






S * FRACTION SIGN BIT (0 FOR POSITIVE, 1 FOR NEGATIVE) 

£ » EXPONENT. EXCESS 25&' (RANGE Mttl 

F .« FRACTION (RAN8E ■« . T($ ■ (8*22) • D 

DSCIMAL VALUF.« i M) , S * 2 t ( E-25*> * ( I + F*? t < - ?2 H 



DECIMAL VALUF ;■.*'■■: fr; WHEN El .« F 




(FOR DOUBLE-PRECISION FLOATING POINT FORMAT 32 FRACTION' 
3ITS ARE AOriED ON THE RIGHT.) 



•fUCo POINT FORMAT: ?2 BIT, TWO'S COH«>LEMENT 



************** * 

* * 

* * 



********************** ****** # * 

* 

* 

*************** *************** **************^ 

" — 31 



C,I' 



(FOR DOUPLE-hORD FIXED POINT FORMAT, 32 MAGNITUDE BITS 
ARE ADDED ON THE RIGHT, ) 
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STACK MARKER FORMAT 



******«#**♦***«*, 



* * « 



* F * DELTA 6 , * R E T ADDR * " 

**■'■■ * 

«*+***•*•******#••**•;«***♦****. « # .« ## »« ## . #j ^* 

- 5 ' 1 - ——15,16 3l 

P * FLAGS ■ B FOR PROCEDURE MARKERS 

■l-.FO* SYSTEM CALL STACK MARKERS OR 
INTERRUPT STACK MARKERS. 

DELTA Of CONTAINS THE NUMBER BY WHICH THE r? REGISTER 
MUST BE DECREMENTED TO ARRIVE AT THE~NEXT 
LnWErt STACK MARKER, 

RET ADPRs POINTS. TO RETURN ADDRESS OP TwE PROCEDURE 
0* SrSTEM CALL RELATIVE TO BASE ADDRESS 



f*W{i*v r.QVE PATTERNS* 

*T ALL TIMES, EX^TLY ONE CONDITION CODE BIT IS OM THE RIT<5 

arf: designatfd e,-. t, and 2, * eI s 

a *TTERn ^ s 

CC » IF RESULT * ' 
CC * 1 IF RESULT > 
CC » 2 IF RESULT < ,0 

*«TTERfo Bi '■•'•: 

CC » ?! IF ALl RESULT BITS ARE Pi 
CC » 1 IF A Nf RESULT BITS ARE 1 

P *TT£C!M c? 

CC * IF OPFRANDS, ARE EQUAL 

CC * I IF OPFRAND'1 > OPERAND 2 

CC « 2 IF OPFRAND J. < OPERAND 2 



HHtrtSr 
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* R*5, NO INOEXINQ 

«,«**** ******************* ^^^^ 

Kir" XI 



«#**•**#*********** 



• * * * *'* ********* 



R2, x? * 

*»******************«,*****, #### 

*3, V3 ''•'■ 



******************* 



*** 

■ * 



*************** 



■* R«r X4 * 

♦i************************.*,^,^^ 

R*/ X5 

fee,, xe ■ * 

*7, ST7- 

**.***. *********************„*,. 



i*** 



THE EIGHT 8EKieRAL*PURP03e- 38-BIT RFRfSTFo* M»v o«r ,, e ™ 



AS 
S 



*« iJASE REGISTER; 16 BITS 

CONTAINS THE .'.ABSOLUTF ■ Anr>BPc« ' nc tu.. *-.«„- 

OF THE PROGRAM 8El^ E EX E cu"n. * FIRST U0CAT10N 



"3J 



STACK POINTER REGISTER; 16 RITS 
CONTAINS THE ABSOLUTE ADDRESS Of 



WCAT10K 0, THE STACK ( -T^"^^"?;, "" C ° RC 

C* SUCK MARKEH PflUTFRi ■ 16 BITS 

CONTAINS THI-: ABSOLUTE ADDRESS OF THF LAST STACK 
MARKER ..SED tfrrMlM THE STACK. 

2* STACK TOP POINTER, }S BITS 

S?oJli2*,^!; : T*S2 a « TE AflPRF88 ° r THF UST P^SIRLE 
»IO*AGE LOCATION OF THE STACK, 



Pi 



PROGRAM COUNTER; J 6 R I TS 

■COMTAINfi THE ABSOLUTE ADDRESS OF THF iNSTRUrTTnw 

"*** <t£«dftr PftTTECr '.REGISTER; t^STTS 

CWJTAINS THF. MST ABSOLUTE ADDRESS OF UNPROTECTED 



PAGE 

4*- ■■'■;'-■ ■''•. 

'$*i*iL instructions*; 

THE MACHINE 'HAS TWO MODESs EXECUTIVE MODE, AMD USER 
MODE/ PRIVILEGED INSTRUCTION'S MAY BE EXECUTE? ONLY IN 
EXECUTIVE MODE. IF A PRIVILEGED INSTRUCTION IS ENCOUNTERED 
IN USER MODE, AN INTERRUPT OCCURS. 



I V# ^UIH'ING EXPLANATION'S, '-\. '■'"'" 

R'« THE RESISTER SPECIFIED tN THE R FIELD. 

X » THE REGISTER SPECIFIED IN THE X FIELD. 

*?.• THE. RESULT OF NORMA!, ADDRESS COMPUTATION, EXCEPT WHERE 
SPECIFIED OTHERWISE. NOTE THAT M MAY 3E A REGISTER OR A 
MEMORY' ADPRESfl.; 

■^ ■ REGISTER P, 0. OR $ , DEPEND I NO ON WHETHER A » I, 2, OR 3. 

? * CONTENTS OF-ll.FJELU, BITS 16-31. USED FOR IMMEDIATE 
OPERANDS. ■: ;'.' 

n: . • CONTENTS' ,6F D FIELD," BITS. 16-23. 
n » CONTENTS 'OP. D: FIELD, 8 ITS 84-31. 
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|« *M STORE. IMSTSUCTION.H'* ■ ■ " < 



^HD *,« (LOAD).' ]'• 

REGISTER R IS LOADED w lTH T HE CONTENT OF m 
CC * PATTERN A. . '• " ,tN ' , aF . M < 



*' H (LOAD LFFT HALF) 

■m s !:{?..?; R H A^ q sE? N T °;^o IS ioaoed into *< ts ■*-* ° f ■. 

CC * PATTER* A ON THE RESULTING REGISTER R. 



*» H (load right half> 

3US 15-31 OF THE 



Jiti ;:rs l o?% T 7S,r c S2T e ?; ; r %; IS "*»» ^° .its I6 . S1 of r , 

^ « PATTERN A oti THE RESULTING REGISTER R. 



<STOrtE> 



r |]t COGENT OF R is .'STORED IN K. 

vv * pattern a' . ' „ V 



"'* (STORE I EFT' HALF) 

>"* ItVl OF ? ill ^2 RED '" B,TS ^' 5 ^ M. 
T . »?». .. F M AWr LINCHANGFH. 
^ "*TTERN A ON THE RFSULTInq WORD M 



9. 
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:-'}SH 



:,H 



{STORE RI3HT HALF) 



3fTS Ib-31 OF W ARE STO^E-H IN 3 i T.S 16-31 OF M, 

3 51$ -3-15 OF h ARK UNCHANGED, . ' 

CC * PATTERN A ON THE RESULTING WORD H, ..'■ 



»,h 



(EXCHAWRE) 



■Tvf'C.OMTPNT -;OF-iR';AMD--'THE' CONTENT OF M ARE EXCHANGED, 

cc » pattern a on the worb loaded intor from m. 
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|f-K£T!C AND LOGIC INSTRUCTIONS! 



■A&3 *,rl (ADD) 

TME CONTENT OF K f $,'• .ADDED TO REGISTER R IN FIXED POINT FORM, 

•CC » PATTERN A. ' 



>«4 R"#M (SUBTRACT) 

THE CONTENT OF d JS SUBTRACTED FROM REGISTER R IN FIXED POINT 

FOR*!, 

CC * »ATTERN A. 



' r '♦»««' (HJLTlPt Y) 

THE CONTENT Of R JS MULTIPLIED BY THE CONTENT OF M IN FIXFD 
°OINT FORM, AND THE • DOUBLE-LENGTH PRODUCT IS LEFT IN R AND R + l 
CC * »ATTERN A. 



u 
2i * f ^ M (DIVIDE) 



THE OO'JfiLE-LEHGTH INTEGFR IN REGISTERS R AND R + l IS DIVIDED BY 

r *c. rOlTENT OF H. . THE QUOTIENT INTEGER IS LEFT IN R, AND THE 

"f.HMNpFR IN R+J , 

r;c » Pattern a on the.- quotient. 



U N I 



%^T£MT OF H is' REPLACED r<y THE LOGICAL "aNP" OF R AND M. 
PATTERN B, 
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IS* «,W (INCLUSIVE .OR,) 

THE CONTENT OF R IS REPLACED BY THE "INCLUSIVE OR" OF R AND M, 

CC « PATJERM B. 



i:« 9 f n (EXCLUS! VE OR!) 

T^E CONTENT OF R T8 REPLACED BY THE "EXCLUSIVE OR" OF R AND «. 
CC « PATTERN B. 



i 1 ^ *,M {ADD TO MEMORY) , 

THr: CONTENT OF R IS ADRED TO THE CONTFNT OF M IN FIXED POINT 
5C * PATTERN A. 



;,:i (bUHTRAr.T FRO" MEMORY) 

? .. CCkTenT OF R IS SUBTRACTER FROM THE CONTENT OF M IW FIXED 

-' '■ I'-i T * :, R f'i , ' 



"»? ;i! *. 



.>■*,■. 



*"• ■* { ANJJ MEMORY) 

* l «£ CONVENT OF K IS REPLACED BY THE LOGICAL "AND" OF M AND R 

: *c * pattern b. 



{INCLUSIVE. O'R MEMORY) 

'*l CC?iT£NT OF « TS REPLACED BY THE "INCLUSIVE OR" OF R AND N, 

:s * j 'UTFRn 9. 



PARE J (I 

38, 

*e«ti *,M {EXCLUSIVE OR MEMORY) 

THE CONTENT OF H IS REPLACED *Y THE "EXCLUSIVE OR" OF R AND M. 

cc * pattern b. 



PAGE 11 



$<t;vj point -instructions* 



% 0V K/ (> 



(f'UOATlK.8' ADD) 



THE CONTENT OF M 1$ A0GED TO REGISTER R IN FLOATING POINT, 

CO ■ PATTERN A, 






{FLOATING SUBTRACT) 



'T*e CONTENT OF H'T'S SUBTRACTED FROM REGISTER P IN FLOATING 

POINT. ' '■ 

CC * PATTERN A, 



f',, 



; '<*p.? >» # i>j 



(FLOATING MULTIPLY) 



T"E CONTENT OF R t'S MULTIPLIED BY THE CONTENT OF M IN 

FLOATING POINT. 
CC * PATTER'N a.- 



*">- i (FLOATING niV'TDE) 

**£ CONTENT OF R IS DIVIDED BY. THE CONTENT OF M IN FLOATING 
»f?INT. ' 

;jt ■ pattern a. 



(FLOAT) 

l^ r fger in h is floated amd placed in r, 

* Pattern a. 



'< ,* * 



:.1V. 



* » " (FIX) 

""?• PL'HTING POINT NUM8FR IN M IS CONVERTED To FlXEn POINT 

" ; P ^C?H IN R, 
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|W*f OPERATORS t 



**& H (INCREMFNT) 

THE COMTENT OF. K is INCREMENTED BY ! 
CC * PATTERN A. ' 



- i f>ECREMFNTi-i; 

lc « pattern a , . 



'" {LEGATE) 

fHE CONTENT Of K TT. NESATFn 
;:C a *>ATTEKfc A. •■,-•. 



(ABSOLUTE VALUE)' 



l*V£L°t " ' S RePL,C " BY ,TS '«»U« V«LUE, 



:c a pattern a. 



(CO.mplEkp^T) 
^•"mm"!! " ' S * b ' PUCFD BY ' TS 0NE ' S "HPUHENT, 
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-!?* 



i*%q n 



(ZERO) 



TN£ COVTEWT OP M TS SET TO 7.ZQV, 
CC * UM*FFECTEi>, 



UST M 



<TEST> 



THE CONDITION CODP IS SET TO PATTERN A DEPENDING ON 

THE CONTENT OF M, ; ; ...'" 



WIE'ORD INSTRUCT I ONSt 
J2. 
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KQO n,n 



(DOUBLE LOAD) 



IN ADDRESS COMPUTATION/ T.ME INDEX REGISTER CONTAINS A DOUBLE- 
«ORD COUNT RATHER THAN A WORD COUNT. THE WORDS NMaSdSm 
ARE LOADED INTO R AND R + l. 
CC ■ PATTERN A ON THE DOUBLE-WORD RESULT. 



&STQ R,M 



(DOUBLE STORE) 



ISoS^Jf*? 2°J PU I ATI0N ' THE INDEX REGISTER CONTAINS A DOUBLE- 

J2J \S2«I ?? "J ™ AN A * 0R0 C0UNT - THE " 0R W * N * *« R + l 
ARE STORED IN M AND M+l, 

CC » UNAFFECTED. 



J*. 



(DOUBLE ADD) 



IN ADDRESS COMPUTATION, THE INDEX REGISTER CONTAINS A DOUBLE- 
«ORD COUNT RATHER THAN A WORD COUNT. THE DOUbLE-*ORD TWO'S 

SSItr fs T LEF? E ?N R L ! Rn: R+i AN ° "' MM m "° DE0 ' kH * ?HE 
cc ■ pattern a on the double-word result. 






(DOUBLE SUBTRACT) 



I« ADDRESS COMPUTATION, THE IN" 

*0*D COUNT RATHER THAN A 'WORD 
•SftrtPLEMENT INTEGE5? IN M, M + i I 
T HE RESULT |S LEFT IN R, R 

* Pattern a on the double*-'- 



**D 

cr* 



?*, 



: ft,M 



t* 



(DOUBLE COMPARE) 



;^5 ? J?F S ! computation,' thi, index register cor 

--'•• -3UNT RATHER THAN A WORD COUNT. TW£ DOUf 

l*lHT JNIESERS IN R,. R + I AND H, M + l ARE C- 

* ^ i i j. Y 
"ATT*Rn C, 



INS A DOUBLE- 
-WORD TWO'S 
^ARED 
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|*i INSTRUCTIONS* 

37. 

it? *,*» (LOAD 8rTE) 

IN ADDRESS ■ COMPUTATION .FOR THIS INSTRUCTION, THE INDEX 
StGISTEi? IS ASSUn^D TO 'CONTAIN A NUMBER OF BYTES RATHER THAN A 
NUMBER OF WORDS. THE 1} FIELD OF THE. INSTRUCTION CONTAINS A 
rfflRP DISPLACEMENT AS USUAL. THE RESULT OF THE ADDRESS 
COMPUTATION IS A BYTE ADDKE88 H . THE BYTE AT M IS LOADED 
MNTO.The LOW-ORDEiJ 8 SITS OF ft/ AND THE HIGH-ORDER 24 BITS OF 
R ARE SET TO iERU', IF A=Ci, T«E SECONn OPERANp IS THE RIGHTMOST 
BYTE OF REGISTER X. ' - 
CC * PATTERN ■* ON THE 1 RESULTING REGISTER R. 



*,rt (STORE HYTE) 

''• ; ADDRESS COMPUTATION 'FOR THIS INSTRUCTION, THE INflEX 
REGISTER 1.3 ASSUHFD TO 'CONTAIN A NUMBER OF BYTES RATHER THAN 
'A NUMBER Of WOR03-1 THE, D FIELD OF THF INSTRUCTION CONTAINS 
A WGRp DISPLACEMENT AS-.'US.UaL, THE RESULT OF THE ADDRESS 
COMPUTATION IS A 4Y7E ADDRESS M.. THE LOW-ORDER 8 BITS OF 
REGISTER R ARE STORED' INTO H. IF A*3, THE SECOND OPERAND IS 
THE RIGHTMOST -8YTP. OF REGISTER X. 
CC * UNCHANGED. 



s ^ K»X (HOVE BYTES) '. 

^'£ FIELD BEGINNING AT;TH£ RELATIVE BYTE ADDRESS IN REGISTER R 
IS MOVED INTO THE FIELD BEGINNING AT THE RELATIVE BYTE ADDRESS 
J* REGISTER R + i. THE BYTE COUNT TO BE MOVED TS IN REGISTER 
»-. IN « A^y R+l, THE WORD ADDRESS IS IN BITS 14-29, AND THE 
-*tT£ ADDRESS (0-3) IS IN BITS 3P-3J. REGISTERS R, R + l, AND X 
^■i SUPPED ALONG AS THE INSTRUCTION IS EXECUTED BYTE-BY-BYTE. 
*" T HE END OF THE INSTRUCTION, R AND R+l POINT TO THE NEXT BYTE 

»m thf E .vin of their Respective fields, amd x contains 2ero. 

cc « UNAFFECTED. 



«»**R f<*> 



«*■. **X (COHPaPF 8YTFJS) ' 

r^l* l Z*VflTrl N L*\Vr? RrLAT!VE *0PRB38 I N ft IS COMPARED 

T Y * a I 1 ™ ™L^ D L ?fGIWN ^ AT THE RELATIVE ADDRESS 
Jr.J }; rlc r?I. T S COUNTT0 BE COMPARED IS IN REGISTER X. 
CC !t, IF TH£ FIELDS COMPARE PERFECTLY; CC-PATTFRN C IF ANY 
FKcaUALITY IS FOUNSU DURING FXECUTION, * AND RM ARE STGPPFO 

rur ;Ur H JJr,H np C*E*EftTED To 7 -^. *T THE CONCLUSION OF " 
fHE INSTRUCTION, k ANO X POINT TO THF FIRST BYTES IN THE 
RESPECTIVE FIELDS WHICH DIP NOT COMPARE EQUAL, OR JUST PAST 
THE *18HT«0ST BYTF OF EACH FIELD IN THE CASE OF FOUM 
COMPARISON. IN R AND-x; THE WORD ADDRESS IS IN "BITS t4-?o f 
AM) TH* BYTE ADUfiKSS (0-3) IS IN PITS SPl-M,'-' 



PAGE \7 
iVKDRO COMPARES* 

*C* .-«»M (NUMERIC COMPARE} 

THE CONTENT OF R ?S . COMPARED NUMERICALLY WITH THE CONTENT 
OF M \K FIXED POINT FORM. 
CC « PATTERN C. 

iC* R,M <LOG!CAl COMPARE) 

THE CONTENT Of R, IS COMPARED LOGICALLY WfTH THE CONTENT . 
of M, AS AN ABSOLUTE 32-BIT MAGNITUDE, 
CC « PATTERN C. 

''-^ »#« (FLOATING COMPARE) 

THE CONTENT OF R IS COMPARED WJTM THE CONTENT OF M aS 
FLOATING POINT NUMBERS, 
CC * PATTERN C. 
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INCHES j 



44. 

3CC RfH (BRANCH ON CONDITION CODE) 

A 3RANCH TO LOCATION H IS EXECUTED UNDER THE FOLLOWING 

CONDI Tl QMS J ...-■'' *;•■ 

IF r a f : NEVER BRANCH 

R * l, BRANCH JF CC * 

R ■ 2, BRANCH IF CC a 1 

ft * 3, BRANCH IF CC «.' 8 OR t 

R « A, BRANCH (IF CC * 2 

R * f>r 8«ANCHv1F CC * OR 2 
- R « 6, 8KANCHIF CC ".• I OR 2 

R * 7 * ALWAYS/BRANCH 
IF "A*0, H IS COMPUTED. 'BY ADDING REGISTER B TO THE LOW-ORDER 
HALFwORn OF REGISTER X, 
CC . ■ UNAFFECTED. 



■*5. 

tH R,M (BRANCH IF REGISTER ODD) 

k BRANCH TO LOCATION H, IS EXECUTED IF THE NUMrER IN REGISTER 

« IS ODD. 

!" A*?, H IS COMPUTKD; GY ADDING REGISTER 8 TO THE LOW-ORDER 

MALFrtORD OF REGISTER X. 
CC « UN AFFECTED . . 



Hi s,K (BRANCH IF REGISTER EVEN) 

A 8»AMCH TO LOCATION K IS EXECUTED IF THE NUMBER IN REGISTER 

* IS EV£N, , „ 

!F A*y, M IS COHPHTED BY ADDING REGISTER G TO TK* ' -R 

'"•ALF'^ORD OF REGISTER ,X. 

DC a UNAFFECTED. 



■*,<1 (BRANCH IF' RE -USTER POSITIVF) 

* B5;«CH TO LOCATION' ' * IS EXECUTED IF THE UjER'i'- ...jTER 
'* IS POSITIVE. 

"' ><*■■'■, H IS COMPUTED 4Y ADDING REGISTER THE LOW-ORDER 
- : *L? •*(■■:*!} OF RtGlSTER*, >•, 

'" : '• ; .' ''■• i F F £ C T E f j , 
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(8RANCH IF REGISTER NON-POSI TI VE) 



A BRANCH TO LOCATION h |S EXECUTED IF THE NUMBER IN REGISTER 

5? IS LESS THAN OR EQUAL TO ZERO, 

\? A«0,' M IS COMPUTED 8YADDIMG REGISTER R TO THE LOW-ORDER 

HALFWORD OF REG I STER X „ 

■Cr • UNAFFECTED, 



t:*A <,rf 



<8f>ANCH IF REGISTER NEGATIVE) 



i 6RAMCM TO LOCATION K l-S EXECUTED IF THE MUHpER I N REGISTER 

« IS NEGATIVE, • - ■ 

«* A***, H IS COMPUTED BY,' ADDING REGISTER B TO THE LOW-ORDER 

HiL^ORD OF REGISTER X. 

CC » UNAFFECTED. 



*>« (BRANCH IF REGISTER NON-MEG AT T VE ) 

V&H.ANCH TO LOCATION M j : S EXECUTED TF THE NUMrER IN REGISTER 

* .IS GREATER THAN OR EUUAL TO 1 ZERO, 

.;« ' 't»* f - M IS COMPUTED BY; ADOlNS REGISTER P, TO THE LOW-ORDPR 

**LFW0RD. OF .'REGISTER X. V 

ZZ * OV*FFECT£D. 






(BRANCH IF REGISTER 7ER0) 



' ?f 



A PRA*CK TO LOCATION K TS EXECUTED IF THE NUMBER IN REGISTER 

",*•*. H IS COMPUTED BY, ADDING REGISTER R TO THE LOW-ORDER 

H'wiJ*:) OF REGISTER X, ,• 
?:. * iKAFFECTED, 



*->** 



(BRANCH IF REGISTER NON-?ERO> 

"«t^:.-; ro LOCATION. H IS EXECUTED IF THE NUMpER IN REGISTER 

■" ■-. V * ? £ K ■ p % 

;'*;» *'!& COMPUTED BV.'AnDlNS REGISTER B TO THE LOW-ORDER 
■"'•' -^ PEOISTER X. ' 
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■»♦.' 

m? M <9RANCH ON OVERFLOW) 

IF THE OVERFLOW Ft IP-FLOP IS OV, THE MACHINE BENCHES TO M. 
IF A»8, M IS COMPUTED 9Y ADDING REGI9TER 8 TO THE LOW-ORDER 
HALFWDRO OF REGISTER 'X.. .THE OVERFLOW FLlP-FLnP IS CLEARED. 

CC « UNAFFECTED, 
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►.♦tit 

■■'&»■' 

'\ii R,XrD2 
»H K,X,B2 



(Left shift logical) 



(RIGHT SHIFT LOGICAL) 



THE XOMTENTS OF RFQ I STERS.' R AND X ARE SHIFTED LEFT (RIGHT) 
TOGETHER D2 BITS (R IS ASSUMED TO BE ON THE LEFT) AND THE 
■VACATED BITS ARE SET TO, ZEROS. IF R '» X, ONLY ONE REGISTER 
IS SHIFTED. 
CC ■ UNAFFECTED. 



>* «#X,.D2 (LEFT SHIFT ARITHMETIC) 



■X»D2 



(RIGHT SHIFT ARITHMETIC) 



T«E CD^TENTS OF RFGISTERS R AND X ARE SHIFTED LEFT (RIGHT) 
-TOGETHER d2 BITS (R IS ASSUMED TO BE ON THE LEFT), EXCEPT 
THAT THE LEFTMOST (SIGN) HIT OF R IS UNCHaMGEd. VACATED 
IOk-OKDER SITS ARF. SET TO. ZERO; VACATED HIGH-ORDER BITS ARE 
HT TO THE SIGH BIT. IF R ■ X, ONLY PNE REGISTER IS 
$»*If ted; AND ITS SIGN BIT. IS PRESERVED. 

44L OVERFLOWS IF MT I IS DIFFERENT FPOM BIT BEFORE SHIFTING, 
=t « "EFFECTED. 



? ^^? 



(LEFT SHIFT CIRCULAR) 



(RIGHT SHIFT CIRCULAR) 



'!' ,r "'TF.MTS OF RFGISTERS R AN?3 X ARF ROTATFD LEFT (RIGHT) 

•••■^ , "<!H D? BITS in IS ■ uSSUMEO TO BE ON THE LEFT). 



fl X, ONLY ONP REGISTER IS SHIFTED. 
J ••: ( \ p F" p n j g |> 



k i!i??.i 



h"i R 1 3 



t-LOAO IMMEDIATE) 



IS PLACED IM THF RIGHT HALF OF ff. 
THE LEFT HALF OF R 'IS, SET TO ZERO, 
CC « UNAFFECTED. 



? v i * 



|,:.si s,d 



(LOAD NFSATtVF IMMEDIATE) 



9 15 NEGATED AND PLACED. IN R. 
CC * UNAFFECTED. 



I;"'" 



(A OH IMMEDIATE)' 



IS ACHED TO THE CONTENT OF ». 

!) lb ASSUMED TO MP 4 ! 6-8 IT POSITIVE INTEGER, 

CC * PATTERN A. 
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«3. 

Jt'81 «,D 



(SUBTRACT IMMEDIATE* 



!) IS SUBTRACTED FROM TM£' CONTENT OF R. 

IS ASSUMED 'TO 8F A 16-BIT POSITIVE INTEGER, 

CC "PATTERN A, 



1P M R,D 



(MULTIPLY IMMEDIATE) 



THE CONTENT OF R TS MULTIPLIED BY D. THE DOUbLE-WQRD RESULT 

IS LEFT IN RE8ISTFRS R AND R + l. 

D IS ASSUMED TO BP A 16-BIT POSITIVE INTEGER. 

CC <= PATTERN A ON THE BDUBLF-WORD RESULT. 
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5. 

I V I R,D 



(DIVIDE IMMEDIATE,) 



THE D0U8LE-LEN6TH INTEGER IN R, R + l IS DIVIDED RY D, 
'QUOTIENT IS LEFT IN R, AN3 THE REMAINDER IN R+l. 
D IS ASSU1EO TO BP A Ifl-BIT. POSITIVE INTEGEP. 

CC « PATTERN A ON THE QUOTIENT,!' 



THE 






-.(AND LEFT IHHEDIATE) 



BITS 0-15' OF ft ARF REPLACED 3Y THE LOGICAL "AND" OF D AND BITS 

f*-l5 Of R. 

SITS 16-31 OF P ARE UNCHANGED. 

CC ■ PATTERN B ON THE RESULT INR .REGISTER R. 



*7. 



MI R , D 



(AND RIGHT IMMEDIATE) 



BITS 16-31 OF «. APE REPLACED PY THE LOGICAL "AND" OF D AND 
BITS lft-31 OF R. 

BITS 0-15 OF R ARF UNCHANGED. 

CC «-PATTCRN-ts ON THE RESULTING REGISTER R, 



.!■:': R,l) 



(INCLUSIVE OR LEPT IMMEDIATE) 



BITS 9-iS OP R ARF REPLACED BY THE "INCLUSIVE OR" OF AND 

BITS 0-15 OP H, 

BITS . 16-31 OF R ARE UNCHANGED, 

CC * PATTERN B ON THE RESULTING REGISTER R. 



*a i 



«,D 



(INCLUSIVE OR RIGHT IMMEDIATE) 



SITS 16-31 OF R ARE REPLACED BY THE "INCLUSIVE OR" OF D AND 

31TS if.,-31 OF P. 

SITS C-tS OF R ARF UNCHANGED. 

CC * PATTERN B ON THE RESULTING REGISTER R. 



PAGE 24 
■19. 

* 0U R ' D (EXCLUSIVE. .Oft LEFT IMMEDIATE) 

PITS l"J 5 ° F R ARf ftEPLA ' Cei? 9Y THE "EXCLUSIVE OR" OF D AND. 

5ITS 15-31 OF R ABE' UNCHANGED, 

CC - PATTERN B ON THE RESULTING REGISTER R. 



n, 

X0RI R ' D (EXCLUSIVE OR RIGHT IMMEDIATE) - 



lilt J 6 "' 151 ° F R * R E.REPL>CE0 PY THE "EXCLUSIVE OR" OF AND 

8 ITS 1S-31 OF R» 

PITS 59-15 OF R ARF UNCHANGED, 

CC - PATTERN ft ON THE RESULTING REGISTER R. 



:-f tri R»D (FLOAT inmeDI'ATEJ 

TWE INTEGER D I S Ft OATED AND PLACED IN P 

CC * PATTERN A, 



< COUP ARr. -IMMEDIATE ?'' 



■"t INTEGER IN R IS CCMPAKEn -RICALLY THE -MT 
POSITIVE INTEGER in D. • 
CC a PATTERN C, 



1 ' ft »° CC0MPARF NEGATIVE I MM f» 

T^E INTEGER IN R IS COMPARED NU CAIL^ H *■ <0»S- 

c-'jmplement of the 16-bit- integf n. 

Cf a Par TERN C. 



A,*? 
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75, ; 

iSSf'fl" . {ADD TO S IMHe'dJATE) / 

THE POSITIVE INTEGER D IS ADDED TO REGISTER S ' 
CC * UNAFFECTED, 



<STI n (OR STATUS IKMEDUTE) 

THE STATUS HALFWORD IS REPLACED BY ITS INCLUSIVE OR WITH THE 
!»■ FIELD-. IF THE MACHINE. IS IN THE USER *!ODE, ONLY THOSE BITS 
0" STATUS WHICH ARE CONTROLLED SY THE USER WILL BE AFFECTED. 
CC * C*AN3Ell AS PART OF STA'TUS HALFWORD. 



?u» 



(AMD STATUS IMMEDIATE) 

THE STATUS HALFWORD IS 'REPLACED BY ITS LOGICAL AND WITH THE D 
HELD. IF THE MACHINE TS IN THE USFR MODE, ONLY THOSE BITS 
OF STATUS WHICH ARE CONTROLLED BY THE USER ARF AFFECTED. 
CC a CHANGED AS PAST OF STATUS HALFWORD. 
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■iit-'ptiRPOse* 



S,X>Dt,D2 (EXTRACT FIELDJ 

MTS Pi, fii + i, .,l ri D;i + D?-i OF REGISTER' X ARE PLACED IN THE 
LEAST SIGNIFICANT END' OF ft. THE REMAINING BITS OF P ARE 

S?T TO ZERO, 

CC « U.MAFFECTE-O-.-. 



■',X>U1,D2 (DEPOSIT FtELD) 

THtj .'£12 LEAST SIGNIFICANT BITS OF X ARE PLACED IN BITS 

&W DIM, ...* &WD2-.1 OF R, THE REMAINING BITS OF R ARE 

■jNCHi'JGED. ■■ ■ '.■ ■■ 
'ZZ ■ UNAFFECTED. 



f *. >M,a (HOVE' *oros;) ■ ": ' 

Wl FIELD BEGINNING AT THE RELATIVE ADDRESS IN R IS MOVED INTO 
IHE.. F 1F.LQ BEGINNING ■AT THE RELATIVE ADDRESS In R+I. THE WORD 
•COJNT to BE MOVED IS IN X, DURING EXECUTION, R AND R+I ARE 
■ ?*CRE*F.NTE0 AND X JS DECREMENTED, UNTIL R AND R+l POINT TO THE 

? - ? XT A.)Rt> AFTER THEIR" RESPECTIVE FIELDS AND X CONTAINS ZERO. 

■a fc Un- AFFECTED, 



H . i't 



(INTEGER TO aiNARY-CODEn-DEClMAL) 



''<«: POSITIVE INTE&E* .IN M IS CONVERTED TO B I NaRY-CODED-DECI HAL 

''■** « EIGHT 4-B3T DIGITS) AND PLACED IN R, ThIS INSTRUCTION 

'** CAUSE AN OVERFLOW CONDITION IF THE NUMBFR IN M IS TOO LARGE. 

■Z ■ UNAFFECTED. 
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$2. 

SCDI R,M (9lNA<?Y-C0n£D-nE'CfMAL TO INTEGER) 

THE CONTENT OF « T s INTERPRETED AS EIGHT 4-SlT BINARY-CODED- 
,. DECIMAL DIBITS* THIS NUMBER.. IS CONVERTED TO- a" BINARY INTEGER 
. AWi -PLACED IN R. INVALIDED CODES ARE TREATED AS ZEROS; 

MCKEVER, THE OVERFLOW Fl IP-FLOP IS SET IF AN INVALID SCO CODE 

! S F U m . 

CC * UNAFFECTED, 



*£i) R#M (EXECUTE) 

THE INSTRUCTION IN K IS rE,.TCHEDf"lNCLUSIVE-ORED M WITH THE 
CONTENT OF R, AND EXECUTED'. IF R » ?», THE INSTRUCTION IS 
■.MOT MODIFIED. LOOPS CAUSED BY AN XEO INSTRUCTION EXECUTING 
ITSELF ARE INTERRUPTftBLE. , , 
CC » SET 3Y THE EXECUTED INSTRUCTION, 



It* 
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M (LOAD CI AND 3) 

REGISTER B IS ADOFD TO 'THE CONTENT OF BITS P>-1* OF M, AND THE 
RESULT IS LOADED INTO 0. REGISTER B TS ADDED TO THF CONTENT 
OF MTS 15-31 OF M, AND THE RESULT IS LOADED INTO S. 
CC « UNAFFECTED. 



>*. (STORE C' *ND \S) 

REGISTER 8 IS SUBTRACTED FROM REGISTERS AND S. Q-8 IS STORED 
IN BITS 0-15 OF i*» 3-6 .'IS- STORED IN 9ITS I6-3i OF M. RFQISTFRS 

H, u, AND S ARE UKXHAN6ED. 
CC * UNAFFECTED. 



■■■ 



(LOAD STATUS)' 

i£ STATUS HALFwUftp IS LOADED FROM THF RIGHT HALFWORD OF M. 

?*E MACHINE IS IN THE USER HODEr ONLY THOSF BITS WHICH ARE 
^TROUED BY THE USER AR£ AFFECTED. 



■"- (STORE STATUS) 

^'"t STATUS H A LFWO«D IS 3T0RE0 IN THF RIGHT HALFWORD OF 

•m left halfword of m ts unaffected. 
■*■' * unaffected. 
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S,L. 



k«3 9 (AVAILABLE STACK) 

T^E QUANTITY Z-S !S PLACEp IN REGISTER R. TH?S QUANTITY 
REPRESENTS THE NUMBER OF, WQRDS REHAtNTNG IN THE AVAILABLE 

STACK AREA. 

CC « PATTERN A. 



li*: «?,H (LOAD ADDRESS INTO REG 1 STEP > 

THE RELATIVE ADDRFSS M' : !S. COMPUTED Awp LOADED INTO R. THE LEFT 

MiLFWORD OF R IS SET TO ZERO, 

jF A«Q, M * <RI0HT MALFWORI) OF REGISTFP X) 

IF * 3 1 , 2, OR S f M * (M + D + X - P, 

CC * UNAFFECTED. 



i*S ■ H 



(LOAD ADDRESS ONTO STACK) 



TW£ STack POINTER S IS INCREMENTED 3Y 1. THE RELATIVE ADDRESS 
* IS COMPUTED AMD PLACED IN THE CORE WORD POINTED TO BY S. 
'!F A*iJ, h * (RIGHT HALFWORD OF REGISTER X). 
? r A*I, 7, OR 3 f M ■■ <A> * D ♦ X - 8. 

CC ■ UVAFFECTED. 



%%n 



*>* (PUSH? 

T T M p *. $ ; 

**U_E TErtP IS LESS 'T!4am OR EQUAL TO X DO 

B f I -N 

S«-a + tJ ' ' 

{ S ) «- ( T£'lP ) / 

temp<*tuh^+',\ t^nnuLO bj 
end i ■ '' 

; '-'- = m £ words from regrpter r to register x ape pusmep onto 

ft « J\AFFECT£D. 
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R,X 



(POP) 



: T£MP«-X; •. 

KHIUE TEWP-JS EiJUAt TO ;0P GREATER THAN R DO 
3EGI.M 

<TFHP>-(S) > 

• S*-s-i ; . '■■ 

TE*P*TEMP-1 HOOULO 8; 

.END; ■ .- ■' 

THE STACK- -IS POPPFP AMI) ITS DATA IS STORED TN REGISTERS FROM 

X DOWN TO R. 

CC a UNAFFECTED// 



I'*'w fl. 



(PROCEDURE CaLL) 



S-3 + 1 ; 

(SU61»St3U ) -p+i-c|? 

: is m -.st i5i >-s-q* 

( S I J) »■ 9 ; 

,>Sj 

3 *• m ; 

i KEw STACK MARKER IS CREATED AND PLACED ON ThE STACK, 

AMU A 3«aNCH TU M IS EXECUTES* 

I* is?., « IS COMPUTED 3Y A.DPJNG REGISTER 8 TO THE LOW-ORDER 

HAi.f- vrOR.t? OF PtGlSTFR X, 
CC •■■■UMAFFECrtO. 



(EXTERNAL CALL) 



?,*S+U 

111 151 -St 3 5 1 ) -P + S-.B J 
<?m~>! 151! -S-0? 
! $ i 1 ) *• .1 j 

?, - o J 



if n > 



( U I I 
( .; t (3 



. J..1S 

HALF PQ1N 
*ALF CONT 
THE T 
TO H4 

»f e 

TA3 



A FI 



ABLE 



Set 
B 



IS V 
U n A F 



63- 
1-U 

XEO 
TS 
AIM 
Ew 

URE 
ALI 

Fr;.; 



( 15J 

HEM 
TO A 
S Tri 
TRY. 

IT 
!>, T 

EXT 
T t:D, 



I 5 ) INUIRERTf 

5 THEN INTERRUPT; 

DRY LOCATION \H THE SYSTEM AREA. ITS RIGHT 

TABLE OP EXTERNAL PROCEDURES, AND ITS LEFT 

E LENGTH OF' THE TABLE. P IS USED TO CHOOSE 



A STACK MARKER IS 
IS NOT GREATER THAN 
Hf MACHINE ftRAKiCHES 
£R\'AL PROCEDURE. 



CREATED, AND D IS CHECKED 
THE LEMGTH OF THE TABLE. 
THROUGH U *NI) THROUGH THE 
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*5. 



j:al -o 



(SYSTEM CALL) 



(St 
(SI 

s*s 

(SI 

.<st 

(Si 

$TA 

.IF 



+ 1 1 

lft 1 -S C 31 J )-R| 

Bl-31 151 ) ••STATUS* 
+ 11 

e 1 ) - 1 ? 

u-st isn-s-o; 

16J«-Sl311>*P+i-B» 



TUS-KNOWN STATF (EXECUTIVE MODE)» 
D+(V1t61«Vl38Jn INniRECTf ;•■•■ I ■'■;:. ■ 
DXVtdl-VtJS)) THEN ■ TNTf.RRUPTi . 



tS CREATED AND PLACED ON THE 
THE MACHINE IS PLACED IN 
MEMORY LOCATION IN THE SYSTEM 
OF SYSTEM ROUTINES. IF D IS 
VALID, THE MACMINF BRANCHES THROUOH V AND THROUGH THE TABLE 
THE SYSTEM ROUTINF, AS : EXPLAINED- IN THE ECL INSTRUCTION, 
CC ■ UNAFFECTED. 



4 NEW (TWO-WORD) STACK MARKER 
STACK, R IS SET-TO ZERO, AND 
EXECUTIVE MODE. v IS A 'FIXED 
AREA/ WHICH POINTS TO A TABLE 



TO 



(STACK FXIT> 
If «t»}*l THEN - 

Br( (U-I » !16.)«(6":S M311 J J • 

STATUS-* (0-t ) t»)-(0-lti5))l 

p w-r • . 

- * i ■ > ■ . 

i*»(3? 16 ] -Q! SI ) ! + 8* 

- S*Q «• {) | ' 

■ '^-i-'.'ELTA G? '' 

* r;^»MC-: IS EXECUTE TO, 'THE KETURH ADDRESS, AND STACK DATA 
?■-..*. niHl^G TO THE OLD PROCE DURE OR SYSTEM ROUTINE IS THROWN 

■ i'' ; »Y, n-iIS INSIWijoTICn/IS USFH TO RETURN FROM ROUTINES CALLED 
'■. a CL, ECL, SCLr }R 'INTERRUPTS. 

; :f * UWAFFt-CTED. 
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■ih 

'«17i »,X,D (PUSH DATA STACK) 

*<*D*|P, Q> OR 8>» 
IF X( ift»31 J » Xt 0-153 THEN 
BEGIN 

CO?* 

EXECUTE (M)> 
END; 
'.Xtift-311 *• XH6-31 3 + 1? 
■'"JR^Xt 15-31 ] >*-(RI p 

"*«£ ADDRESS M*D*CP, Q, OR SI POINTS TO THE BEGINNING OF A 

nn STACK, XCg-15) contains the number of words allocated 

tM THE' DATA STACK, AND XI 16-31) CONTAINS THE NUMBER OF 
■ U.SHENTS CURRENTLY ON THE: RATA STACK. THE CONTENT OF REGISTER 
* IS PUSHED ONTO THE CAVA. STACK, IF OVERFLOW OCCURS, THE 
•*?*«SiTE0N CODS IS SET TO Z, AND THE PROCEDURE CALL IN M IS 
mCUTSD. If THE PSDS WAS SUCCESSFUL, CC*0, 



1 • * '**>'* (POP DATA STACK) 

.■'.■■^•2MfV a, or Bit .'■. 

}-J^ Mi$«31 2*8 THEM'; 
S£3iw 

CC-ll -.. 

EX£CUTElN)f CM CONTAINS A PCL INSTRUCTION) 
• -'•■• " E*0i , 

**"*♦*» I iS-31 } j , 

■^ #no»ESS M«D+fP, 9, OR S> POINTS TO THE BEGINNING OF A 
•** *UCK, AND X( 16-311 CONTAINS THE NUMBER OF ELEMENTS 

t *'^t v ON TH£ DaTA STACK. THE TOPMOST ELEMENT OF THE DATA 
« : ^?3 POPPED INTO REGISTER *. ?F UNDERFLOW OCCURS, THE 
, <-, ' T "»N CODE is SET TO i, AND THE PROCEDURE CALL IN M IS 
■i&. JF THE PP9S WAS SUCCESSFUL, CC-2U 
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I . 

|'^ f * * (LOAD Z AND K*>R> 

!?!I S I ER 8 * S ADSF0 TO. THE CONTENT OF BIT<? B-n OF m AMn rur 
8?$ULT fs LOAnrn turn ■•*' «r-r> T «*,-,l o*«s w«is or m, and THE 

4 Jr *! L £ * * EGI 5TER S IS ADDED TO THE CONTENT 

't $ M! ^r 15 * 0F M - * N *> THE RESULT IS LOADED INTO MPR 
«fl3 IS A PRIVILE8ED. INSTRUCTION, »-»ADED INTO MPR. 

•It: * UNAFFECTED, 



S- ''J 



* ""5 



(STORE ? AND' MPR > 



rS^ E L 8 a!?« SU8TRACTE!D FR0M WBI.STER8 Z AND MPR. Z-B IS 

J^miX « 7 "r 5 ° F Hf MPR " B IS ST0RE0 *! BITS 16-3? OF N 
: .ST£rs 8, Z, and M pR ARE UNCHANSED. ' ' 

»;l» IS A PRIVILEGED INSTRUCTION. * 

« " UNAFFECTED. 



'INTERROGATE), 

; 5TATUS HALFKOftD IS CLEARED. ' 

s i" A PRIVILEGED INSTRUCTION,. 
' .--''AFFECTED, 
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(?AUSE) 

THE MACHINE HALTS UNTIL- AN.. -INTERRUPT OCCURS OR THE START 
BUTTON IS PUSHED. 
CC « UNAFFECTED, 



H3 R,H ! START T/O) 

THE LEFT HALF OF REGISTER R. CONTA INS THE I/O PROCESSOR 
wUhBE* (4. BITS) AND THE DEVICE NUMBER 18 BITS). M IS THE' 
ADDRESS OF AN I/O PROGRAM WHICH IS TO 9E SENT TO THE I/O 
PROCESSOR TO BE EXECUTE!). .IF THE SJO COMMAND IS NOT 
SUCCESSFUL, AN I/O STATUS. HALFWORD 13 RETURNED TO THE RIGHT 
. Hklf OP REGISTER R BY THE I/O PROCESSOR. IF A « 9, THE RIGHT 
HALF OP REGISTER x CONTAINS; THE ADDRESS OF THE I/O PROGRAM. 
THIS IS A PRIVILEGED INSTRUCTION, 
CC ■» tt IF SIC) WAS SUCCESSFUL. 
50 * 1 IF SIO WAS NOT SUCCESSFUL (STATUS IN REGISTER R) 



*'' {TEST I/O) 

fH£ LEFT HALF OF REGISTER P CONTAINS THE I/O PROCESSOR NUMBER 
U : BITS! AND THE DEV ICE ' NUMBER (6 BITS), 4 HaLFWORD CONTAINING 
"•-t ST.'.TUS OF Th£ I/O PROCESSOR ANli -DEVICE IS RETURNED TO THE 

, ignr .- A s_r :■;?.• register P. ': 

>iS I'' A >>!•<' WILEREI' INSTRUCTION. ! 

r:f » fr IF Tsi I/O PROCESSOR;' IS AVAILABLE,. 

CC * I IF THE I/O PROCESSOR- IS BUSY, 

CC" a 2 rp THE I/O PROCESSOR IS NOT OPERATIONAL. 



"' (HALT I/O) 

'HE LEFT HALF OF REGISTER *' CONTAINS THE I/O PROCESSOR NUMBER 
^ SI TS ) ANO THE nEVICE NUMBER (S BUS). THIS DEVICE IS 
''■'ALTEf, AND ITS STATUS HALFWORD IS RETURNED To THE PIGHT 

•<>'..FrfORD OF REGISTER F. 

■'■'«iS IS A PRIVILEGED INSTRUCTION. 

sc * umaffectep-, . -■ 
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R,M (&EAD DIRECT} 

RFSlSfER' ft .CONTAINS THE I/O PROCESSOR NUMBER 
DEVICE NUMBER (8 BITS). * u " nn '° oe " n 




«?,rt (WRITE niRECT) 

THE LEFT Ha» F OF AGISTER R' CONTAINS THE I/O PROCESSOR NUMR-ER 
{d BITS) AND THE nFVICE NUMBER (8 BITS.'. A «ORt> IS WRITTEN 
MRECTLY FROM M ONTO THE: DEVICE, PROCESSING DOES NOT CONTINUE 
UWTIL THE WKITE IS COMPLETED. IF THE WRITE WAS UNSUCCESSFUL, 
THE DEVICE STATUS HALFWORD IS RETURNED TO THE RIGHT HALF OF 
«.p p t c v itr p £? '■ ■ 

THIS ISA PRIVILEGED INSTRUCTION, 
CC * TF *' P D WAS SUCCESSFUL. 
CC c t IF WRn WAS NOT SUCCESSFUL (STATUS IN REGISTER R), 
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*SC3»AMrtiNGi 

TO bo up, the programmer must set up a program in core 

50«SISTIH9 OF I/O' COMMAND' WORDS ( IOCW ' S) AN^D I/O DATA WORDS 
UODrf'S). EACH IOCW HAS BTT ft'-. 1, AND CONTAINS AM OPCODE AMD 
CERTAIN MODIFIER R1TS. EACH IOCW MAY SIC FOLLOWED 8Y ONE OR 

'■'MORE IDOW'S, WHICH SPECIFY 'THE AREA(S) IN MEMORY ON WHICH IT 
IS TO OPERATE. EACH IODW HAS BIT * 0, AND CONTAINS A BYTE 
ADDRESS (18 BITS) AND A BYTE COUNT (13 B 1 TS ) . WHEN AN SIO 

>- ; COMMAND IS ISSUED. THE I/O ' PROCESSOR EXECUTES THE FTRST IOCW 

• SUCCESSIVELY ON EaCH OF THg FOLLOWING JOOW'S, THEN EXECUTES 
THE NEXT IOCW ON FACH OF THE TODW'S FOLLOWING IT, ETC.r UNTIL 

■;;,A SPECIAL "END" IOCW IS ENCOUNTEREn. 

EACH I/n DEVICE HAS A DEVICE STATUS DOUBLEWORD (DSD) IN 
A DEDICATED POSITION IN LOWER CORE STORAGE, THE FIRST WORD ■ 
COMA J MS A POINTER TO THE IOCW CURRENTLY BEiNc EXECUTED BY THE 
t?VlCE, IF ANY, AND OTHER STATUS INFORMATION ABOUT THE DEVICE 
{BUSY, NOT OPERATIONAL, ETC.) THE SECOND WORD CONTAINS THE 
CURRENT 3YT£ ADDRFSS AND, BYTE COUNT FOR THE DaTA TRANSFER BEING 
*»*DE 8Y THE DEVICF. AS THE DEVICE EXECUTES TwE TRANSFER 
^ECIFIED BY AN Inn*, THE 3YTE ADDRESS IS INCREMENTED AND THE 
^T£ COUNT IS DECREMENTED UNTIL IT REACHES ZERO? THEN THE 

■"■'.t-EVlCf PROCEEDS Tn TH,: NEXT IOPW. 



PASE 37 



ij ^*iATS* 



• CPU ,7 HE*ORY 

* * * * * ■ : . * * *■ -EXTRA BIT* 

.?0u* *HOP* .*MO!UH.F INTERNAL ADDRESS* ♦ * NOT USED 

v * * * ■" ■*..■•■ * * * 



. HEMORY - CPU 

' . * * .* * * -EXTRA -BIT* 

**33» * '■'■':. SATA ., * * * PARITY ERROR 

* * * ,.'■:■., .■•--..■•*#* 

2 '—-.*—. : 31 -, 



CPU - MEMORY 



»***• *****•***********♦**#*♦.* ******************** *** 

V * * * * * -EXTRA BITe 

.*'^ i * * DATA * * * "OOPS" 

'* * * ,' ■ . * * * 

»*•«* *********************** : ********************* *** 



•31 



CPU - I/O 



*♦«»* **W#«, ****************i»**** ****************** *** 

'!,»,* * . * * . •'" ■ • * * * -EXTRA BITi 

.-*• *IOP*MOr J *DEVtCE NO.* . COMMAMn ADDRESS * * * NOT USED 



<» »« 



+ a********************!**********-************* *«,« 



'--3jr ^S— 7 , B — ~~~ — — -~1 K r i 5«-W. 



•31 



I/n - c p u 



■"iw »******4*«r************ *********************** *** 

*,.. • * * * • * * * * ^FXT»A BITi 

,' vi! ' «I-P o *M0t)*DEVICE. ^0,. * : STATUS * * * REJECT S 10 

■*.„' ****'''■'*.■ * * * 

; £-3, 4-7, 8 — 1«S,1S^ — * «.,jj 
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mil INTERRUPT PROCESSING 

EXTERNAL INTERRUPT? *RE DEFINED AS THOSE INPUTS TO THE 
CPU FROM OTHER MODULES, M»E.» I/O MULTIPLEXORS, 

I/O SELECTORS, OPERATOR CONSOLES, ADDITIONAL CPU'S AND 

i 1 
UNIQUE MODULES), PXCE^TJ NO . THOSE INPUTS THAT THE CPU IS 

CURRENTLY REQUESTING AND WAITING FOR (I.E., MfMORY DATA, I/O 

RESPONSES FROM INSTRUCTIONS). 

EXTERNAL INTERRUPT INPUTS WILL CONTAIN THE INTERRUPTING 
MODULE NUM3ER AND ?« BITS OF 0AJA. 

THE CPU HAS ONE 3?~BiT INTERRUPT REGISTfR (INR), WHEN 
THI3 REGISTER 13 CLEAR 'THE ■. CPU CAN ACCEPT ONE EXTERNAL INTERRUPT 
(ASYNCHRONOUSLY). THE INTERRUPTING MODULE SENDS ITS MODULE 
NUMBER, MODULE TYpr, AND OTHER PERTINENT DATA TO THE INTERRUPT 
*EG1 $T?R, 

ADDITIONAL INTERRUPTS' THAT ARRIVE WHEN INR IS SET WILL BE 
' RFJECTED, I.E., MODULE PUSS TRANSFER WILL MOT RE ACKNOWLEDGED'. 
"ORALLY THE INTERRUPT!!^, tfPOULE WILL CONTINUE TO REQUEST 
ACCESS TO THE CPU UNTIL THIS TRANSFER IS ACKNOWLEDGED. 

THE INTERRUPT REGISTER .IISR)i IS CLEARED VIA THE INTERROGATE 
; INSTRUCTION { INT)*. ■ :■' ■' 

THE EXTERNAL INTERRUPT ROUTINE (EIR) MAY BEGIN AT THE 
COMPLETION OF A CPU INSTRUCTION (AND AT SELECTED INTERVALS 
1* iONT, INSTRUCTIONS) tfHEN'. THE STATUS MASK BIT FOR EXTERNAL 
INTERRUPTS IS CLEAR. 

THE EXTERNA! INTERRUPT ROUTINE (EIR) IS FUNCTIONALLY 
..SIMLA* TO THE SYSTEM CALL INSTRUCTION (SCL>. THE RETURN 
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APURSSS, STACK MARKER, BASE REGISTER, AND STATUS ARE PLACED ON 

THE STACK/ THE BASE REGISTER IS SET TO ?ERO r AND CONTROL IS 

TRANSFERRED TO THp ABSOLUTE ADDRESS CONTAINED IN A SPECIFIC 

LOCATION. THE EIR AND SCL BOTH SET BIT OF THE STACK 
BARKER WORD TO 1. 

INTERRUPT ROUTINE EXITS «AY BE HANDLED IN THE SAME 

BANNER , AS A SYSTEM CALL EXIT UTILIZING THE STACK EXIT 
INSTRUCTION (SEX)'. 

•!* EXTERNAL INTERRUPT ROUTINE 

S - S + t 

(31161 - St.M ].>.-.>■ S 

(St? 5 - SI IS) ) «■ STATUS 
STATUS-KNOWN STATE. .(EXECUTIVE MODE); 

S *• S + I ' : 

(SI 3) ) - 1 

(St 16 J - SC.Mli '"«• -P-9 * ( P IS THE ADDRESS OF THE 

(St 11 - SC IfS J > «v ft-Q INSTRUCTION TO BE RETURNED TO.) 

Q *- S 
3 •- 3 
P - CONTENT OF K (>) 

\* TO BE PETFRMINED WHEN FIXED MEMORY LOCATIONS ApE ASSIGNED. 

FOLLOWING EXECUTION OF THE EIR, AT LEAST ONE MACHINE 
INSTRUCTION WILL HE EXECUTED BEFORE FURTHER INTERRUPTS OF ANY 
KINO ARF PERHITTEP. THE; EIR SETS THE STATUS TO INHIBIT 
FURTHER INTERRUPTS OF Th'E SAME TYPE, UNTIL AN INSTRUCTION IS 
£>ECUTE!) TO ENARLF THIS TYPE OF INTERRUPT AGAIN. 
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■:«rvAL INTERRUPT PROCESSING 

INTERNAL INTERRUPT PROCESSING IS INITIATED WHEN THE CPU 
DETECTS THOSE INTFRNAL CONDITIONS THAT WOULD I NHIRI T. NORMAL 
PROGRAM EXECUTION AND/OR WARRANT IMMEDIATE ACTION BY THE 
PROCESSOR-, THE TYPES OP INTERNAL INTERRUPTS a r E LISTED BELOW, 
INTERNAL INTERRUPT PROCESSING WILL NORMALLY 8FGIN IMMEDIATELY 
UPON DETECTION. , 

THE INTERNAl INTERRUPT ROUTINE (IIR) IS SIMILAR TO THE 
EXTERNAL INTERRUPT ROUTINE. -CONTROL IS TRANSFERRED TO PRE- 
DETERMINED MEMORY-' LOCATIONS FOR EACH TYPE OP INTERNAL INTERRUPT 

.. ! s re r< belch, internal ''interrupts' do not leave data in a 

■>?S!STF:?j HOWEVER. PE:iT J.NENT PATA Can 8E RECOVERED BECAUSE THE 
^PO^RAM ADDRESS AT wh'1?H- : THE INTERRUPT OCCURED IS PLACED ON 

7W& STACK. 



'%. ■>*i*NAL INTERRUPT TYPF ; - : MAY BE MASKED OFF? 

♦ POWE* PAIL ■ " NO 

2 KE*D*Y PARITY NO 

3 UNI*i?i.EMENTED INSTRUCTION NO 
t PRIVILEGED INSTRUCTION CALLED 

IN USER MODE NO 

5 STACK OVERFLOW ' ,' NO 

h STAC< UNDE»FLOk- NO 

,7 MEMORY PROTECT VIOLATION NO 

:ft ARITHMETIC OVERFLOW •' YES 

■.9 CL0C<" ■''".■ YES 
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|1« INTERNAL INTERRUPT ROUTINE 

S — S + 1 

( S I 1 6 J - S I 3 i } J * ■'*;.'• 

CSfJli - SI IS J } «• STATUS 

S ■■ » S ♦ 1 

( S ( » J ) - t 

(Sn6) - SC3U) * .P-& - (P !S -ADDRESS OF INSTRUCTION 

IN PROCESS AT TIME OF INTERRUPT) 
(S£ i J - S11S]) * P-R 

3 - S 

'_ ■*"!%. ■ " . ***• fry ' 

» > L + JN'TfTpKUPT T'yPF # <*> 
«l TO BE DETERMINED WHEN FIXED MEMORY LOCATIONS Ai?E ASSIGNED. 



:?.tt'. STATUS MALFWORD 



•■*■ CONDITION cons' 

: 1 CONDITION- COr?E 

'.'■■■; CONDITIOiv COliP , . , . 

"5 ^OOF USER/PRlVl'tEaE-fl' 

>.■ ■*.'. overflow 

,4 condition- code-' fro?f«, 

:>:'■ ext£.r«al. intprrupt pending 

j[) "ask memory out of bounds read 

>V MASK INT. ARITh. OVf 

^ «ASK FLT. . PT.. ARJTH. OVF 

•I' 1 M *SK FLT. P?.-, ARITH. UNOERFLOI 

; 4 1ASK CLOCK INTERRUPT 

*?'■ . M ASK FXTERnal: INTERRUPT 



: ,MP:;omega.x 

MEMORY MODULE SPECIFICATIONS 
PENERAL DESCRIPTION 

EACH MEMORY module on the HP omega computer is a self 

CONTAINED UNIT (EXCEPT FOR POWER SUPPLIES)'-' CONSISTING -OF 8192 
«ORDS OF MAGNETIC CCRE STORAGE PLUS PARITY AND THE NECESSARY 
CONTROL LOSTC, EACH UNIT HAY COMMUNICATE WITH ANY CPU OR I/O 
NODULE VIA THE DATA BUSS* SUBJECT TO ACCESS SIGNALS FROM 
• THE MODULE CONTROL UNIT, 

•STRUCTURE 

FIGURE l SHOWS THE ^LOCK DIAGRAM OF A .MEMORY MODULE. 
THIS STRUCTURE IS GENERAL !N NATURE AND IS INDEPENDENT OF THE 
CYCLE TIKE OF THE MAGNETIC' CORE STACK . 
MIOs MEMORY t NPUT OUTPUT . CONTROL 

CONTAINS ALL LOGIC FUNCTIONS NECESSARY FOR TALKING 
TO THE MODULF, CONTROL UNIT AND FOR USING THE DATA 

> - 

9USS. DECODES MEMORY OP Cr»DES AND HANDLFS INTERRUPT 
CONDITIONS. 

MT'St MEMORY TIMING. GENERATOR 

GENERATES ALL TIMING SIGNALS NECESSARY To DRIVE A 
MAGNETIC CORE' STACK. THESE SIGNALS HAVE A FIXED 
RELATIONSHIP TO THE MI0»S CLOCK, BUT ARE AT A 
FREQUENCE DETERMINED BY THE PARTICULAR TYPE OF 
CORE STACK BEING DRIVEN. 

*ARt MEMORY ADDRESS RFGISTER 

HOLDS THE MEMORY ADDRESS RFING ACCFSSE". ALL 
ADDRESSES (13 BITS) LIE BETWEEN « AND QIOI, 
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MpRr MEMORY DATA REGISTER. 

HOLDS THE WORT) '(32 BITS * PARITY) READ OUT OF CORE 
AND TO BE PUT ON THE DATA BUSS, OR THE WORD RECEIVED 
ON THE PATA RUSS TO BE STORED IN CORE. ODD 
PARITY IS USe3. 
MSA*' MEMORY SENSE AMPLIFIERS 

■ S3ETECT THE' OUTPUTS OF TWF MAGNETIC COPES AND 
ENTER THE INFORMATION INTO THE MDR VIA THE DIRECT 
SET INPUTS. : 
MIDt MEMORY INHIBIT [DRIVERS 

INHIBIT THE WRITING OF ONE'S INTO THE CORE MEMORY 
FOR BITS IN THE MDR THAT ARE ZEROS. 
HDSX: MEMORY DRIVER-SWITCHES X 

PROVIDE HALF THE READ AND WRITE WORD CURRENTS TO THE 

CORE STACK. 
MDSYs MEMORY DR I VE«8-SW I TCHES Y 

PROVIDE HALF THE RFAO AND WRITE WORD CURRENTS TO 
THE CORE STACK. THE X AND Y DRIVERS TOGETHER 
SELECT 1 OF Bl>a WORDS (32 BITS + PARITY) IN MEMORY. 

0PFRATTON 

OP CODES 

THE MEMORY MODULE RESPONDS TO 3 MAJOR TYPES OF 

COMMANDS' 

READ-WRITE (PW) ; 

THE CONTENTS OF THE ADDRESSED LOCATION IM MEMORY 
ARE READ, TRANSMITTED TD THE REQUESTING MODULE 
VIA THE DATA ".BUSS, AND WRITTEN BACK INTO MEMORY. 
THIS COMMIT! -rfOULn TYP1CM.LY BE USFD FOR INSTRUCTION 



FE7CHES OR LOAD REGISTER INSTRUCTIONS. 
CLEAR-WR1TE fCW) 

THE CONTENTS OF THE ADDRESSED LOCATION IN MEMORY 
ARE READ AND CLEARED. A DATA WORD IS RECEIVED 
ON THE BUSS AND WRITTEN INTO MEMORY, THIS COMMAND 
WOULD TYPICALLY BE USED FOR' STORE REGISTER 
INSTRUCTIONS. ' 
&EAD-MODIEY-WRITE (RMW) 

THE CONTENTS OF THE ADDRESSED LOCATION IN MEMORY 
ARE READ, TRANSMITTED TO THE REQUESTING MODULE. 
NEW DATA IS RECEIVED FROM THE SAME MODULE AND IS 
WRITTEN INTO MEMORY. THIS COMMAND WOULD TYPICALLY 
BE USED FOR INCREMENT MEMORY INSTRUCTIONS. 
THE RW AMD CW COMMANDS MAY OPERATE ON EITHER 3? BIT 
rfQRDS OR i Op d.fi.niT 3YTES. THE BYTE COMMANDS ARE READ 
BYTE-WRITE {RB*N> *ND CLE a R & YTE-WR I TE t CfiWN > , WHERE N IS 
THE BYTE NUMAER ( SFE) F I SURE 2 ) . , CBWN AFFECTS ONLY THE 
SPECIFIED BYTE, THF OTHER 3 ARE LEFT UNCHANGED. A BYTE 
Or DATA IS ALWAYS TRANSMITTED ON THE LOW ORDER POSITION 
ON! THE OATA BUSS { ftl TS 24-31) . 
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BYTE 

NUMBER 



FIGURE 2.. 



DATA TRANSMISSION 
MCU 8USS 

THESE 19 UNITS: CONCE»* THE MEMORY MODULE'S ABILITY 
TO ACCESS THE DA T A BUSS AS DETERMINED RY THE MODULE 

CONTROL UNIT'. 

CLK«- THIS IS THE MASTER CLOCK FOR THE SYSTEM. ALL 

COMMUNICATION KITH THE MCI! AND ALL DATA TRANSMISSION 
ON THE DATA RUS.3 A*E }N SYNCHRONISM WITH THIS CLOCK. 

f?YM» READY MODULE 

THIS LINE BEING TRUE INDICATES THAT THE MEMORY 
MODULE IS READY. TO ACCEPT EITHER COMMANDS OR DATA 
FROM THE DATA BUSS. 
RQBNt REQUEST BUSS TO; MODULE N 

THESE ,5 LINES ARE MUTUALLY EXCLUSIVE AND THE ONE 
THAT IS TRUE IS,'. A REQUEST TO THE N C U FOR THE MEMORY 
MODULE TO USE THE DaVa BUSS TO SEND DATA TO MODULE 
*. NOTE THAT bril'Y lf> OF THE LINES ARE USED, AS THE 
16TH WOULD BE' THE MEMORY MODULE'S OWN ADDRESS. 
SUM: SELECT MODULE 

THIS LINE CREMATES IN TM, KC0 4N „ Is U8E|J Ry THE 
BY THE MEMORY * 0D ULE TO. BATE DATA ONTO THE DATA BUSS. 
IT IS THE HCI.MS RESPONSIBILITY TO SEE THAT ONLY ONE 
MODULE IS SEtECTED IM any BIVEN CLnCK p ERIOD> 
■P*TA BUSS 

THESE 4* LINES CONNECT TO ALL MODU t ES ON A SYSTEM 
AMD SEPVE TO TRANSMIT DATA AMONG THEM. 
.TO0-3* TO MODULE H 

THESE * LINE? CARRY THE BINARY ADDRESS f «> F THE 

«'?OULE THE DATA' I's PE t NO ' SF.NT 70 



F»3»3». RROM HODULE N 

THESE 4 LIKES CaRRY THE BIMARY ADDRESS <N> OF THE 
MODULE SENT- !K»G THE DATA, 

DTB-3it DATA (32 PITS-) 

THESE LINES CARRY THE COMMANDS AND DATA. BIT IS 
THE HOST SIGNIFICANT BIT <MSB>. ALL BYTF 
TRANSMISSIONS TO AND FROM THE MEMORY MODULE USE ONLY 
BITS 24 TO 3i. ALL OTHER BITS ARE IGNORED ON 
RECEIVED DAT A/ A w D ARE SET TO * ON TRANSMISSION. 

DT32: DISASTEROUS TROUBLE 

THIS IS AN INTERRUPT LINE FOR BOTH INPUT AND OUTPUT. 

INPUTS ', , * 

* • ' 

SINCE A DATA FETCH MAY ALREApY BE TN PROGRESS 
BEFORE THF MEMORY PROTECT BOUNDS ARE CHECKED 
BY THE CP«;, THIS LINF IS USEp T INHIBIT 
MODIFICATION OF THE ADDRESSED LOCATION, IT 
WOULD BE TRUE WHEN A MEMORY PROTECT VIOLATION 
IS DETECTED '.'BY THE CPU. IT T S TRANSMITTED 
DURING THF Tf* E THE DATA WOU L D ORDINARILY BE 
BE ON THE BUSS TO THE MEMORY MODULE. 
OUTPUTt 

THIS LINE JS.HELD TRUE WHEN THE MEMORY MODULE 
HAS ACCESS TO THE BUSS IF THF DATA JUST READ 
BY A RW, Rpw; OR RMW COMMAND HAD IVCORRECT 
PARITY. %lti THIS CASE THE AflnRESS OF THE WORD 
IS PLACED ON 'THE DATA RUSS, INSTEAD OF THE 
ERRONEOUS DATA. THE WORH IS REWRITTEN INTO 
MEMORY WITH CORRECT PARITY. 



lEMORY OPERATION CODES 
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0030 


NOP 
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00Bt 


RM'W 


2 


0010 


RBWW 
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0B11 


CBW*» 
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0100 
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5 31 
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. «n i f» 
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CBW1 
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' 1010 


R9W? 
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CBW? 


12 


1100 


RW 
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1110 


■-RBW3 


15 


111.1 


C.BKS;' 



MO OPERATION 
READ MODIFY WRITE 
READ BYTE WRITE fl 
CLEAR BYTE WRITE 9 

CLEAR .'WRITE 

RE At) BYTE WRITE. 1 

CLEAR BYTE WRITE 1 



READ BYTE WRITE 2 
CLEAR BYTE WRITE 7 
READ 'WRITE 

READ BYTE WRITE. 3 
CLEAR RYTE WRITE 3 



HP OMEGA 
MODULE CONTROL UNIT SPECIFICATIONS 

GENERAL DESCRIPTION 

THE MODULE CONTROL UNIT (MCU) GRANTS PERMISSION TO ONE 
AND ONLY ONE OF THE 16* MODULES ■ AT ANY ONE TIME TO USE TWE DATA 
«USS. THE MCU TAKES INTO CONSI DERATION THE PRIORITY OF THE 
REQUESTING MODULE, IF THE RECEIVING MODULE IS READY TO RECEIVE 
DATA, AND IF A REQUESTING MODULE HAS. BEEN WAITING FOR THE 8USS. 
NO MODULE WILL 8E DENIED PERMISSION TO USE THE .SUSS FOR ANY 
UNREASONABLE LENGTH OF /TIME. 
FUNCTION • 
A. TO MONITOR ALL MODULE REQUESTS FOR DATA TPANSMI SSI ON TO 

.ANOTHER NODULF VIA THE DATA 8USS. 
*. TO MONITOR THE STATUS 'OF ALL MODULES AND OETERIMINE IF A 

RECEIVING MODULE IS READY TO ACCEPT DATA. 
C. TO SELECT ONE AND ONLY ONE MODULE REQUESTING THE BUSS 

AND ENABLE THAT MODULE'S SELECT LINE. 
H. TO GENERATE THE BASIC iCLOCK <CL>H AND OUTPUT THIS CLOCK TO 
EACH OF THE MODULES IN THE SYSTEM. 
"ODULE TO MCU CONTROLS LINES 
A. TRANSMISSION REQUEST LINES - UNIDIRECTIONAL LINES FROM EACH 
MODULE IN THc SYSTEM TO THE MCI!. THEY CONTAIN THE 
FOLLOWING INFORMATION! 

1. WHICH MODULE IS REQUESTING. 

?. WHICH UNIQUE NODULE IS TO RECEIVE THE DATA. 
EACH MODULE *A3 ONE REQUEST LINE FOR EACH 
MUmJLK IN THE SYSTEM EXCLUDING ITSELF, THEREFORE 
A MAXIMUM OF \5 REQUFST LINES PlR MODULE FOR A 
5 6 MODULE SYSTEM. 



8. MODULE. REAnr.LINES - UNIDIRECTIONAL LINES, ONE FROM EACH 
MODULE TO THE MCO. INOtC.ATlNG THAT IT IS READY TO RECEIVE 
DATA TRANSMISSIONS. THJS DOES NOT IMPLY THAT AN 
ACKNOWLEDGEMENT WRL. BE' GIVEN FOR ANY TRANSMISSION. 
C MODULE SELECT LINES - UNIDIRECTIONAL LINES, ONE TO EACH 

MODULE FROM THE MCU TO BE USED AS AN "ENABLE" UNE TO GATE 
INFORMATION WAITING TO PP TRANSMITTED ONTO THE 8USS, 
THEREBY GRANTING PERMISSION TO TRANSMIT TO A REQUEST ING 
MODULE. ' 

n. CLOCK - a UNlniRECTTONAL.LINE FROM THE MCy TO EACH MODULE, 
LIMITATIONS? 

*. ALL' LINES COMMUNICATING WJTH THE MCU MUST BE RAISED AND 
LOWERED WITH THE CLOCK, ' 

S. THE MINIMUM THE TO SELECT KILL BE ON THE CLOCK CYCLE 
FOLLOWING 7H£ REQUEST, '•.■'.■■ 

C A REQUEST LIN E MU ST ONLY BE DROPPED ON THP CLOCK CYCLE 
AfTER BEING SFLECTED. THIS DOES NOT IMP L Y THAT THE 
KCtfUEST LINE CANNOT REMAIN HIGH IF MULTIPLE TRANSMISSIONS 
ARE DES!* E n (SEE SECTION' HI. IN ALL CASFS, IF A REQUEST 
LINE IS LEFT HIGH ONE CLOCK C/CLE AFTER SELECT, THE MCU 
INTERPRETS THAT AS A NEW REQUEST FOR THE BUSS. IF 
ACKNOWLEPGE^MT OF TrtAVS^TTED DATA I8 N T RECEIVED ON THE 
CYCLE AFTER SEtECT, IT IS THE RESPONSIBILITY OF THE SENDING 
MODULE TO REQUEST THE BUS> AGAIN AND WAIT TO BE SELECTED 
TO TRANSMIT THE DATA. ' '_ 

D. A REQUEST LINE MAY RE RAISED ON ANY CLOCK CYCLE. 

E. ON L Y ONE KEOUEST LINE HAY BE RMSFQ AT A TIME FROM ANY ONE 

MODULE. 



F. ?HF BUSS MUST BE ENABLED BY THE SELECT LINE, THEREFORE THE 

DELAY WITHIN THE SELECTED MODULE MUST BE KEPT TO A 
MINIMUM TO ALLOW MAXIMUM BUSS TRANSFER TIME. 

G, THE RECEIVING MODULE'S ACKNOWLEDGEMENT OF TRANSMISSION AND 

ACCEPTANCE OF DATA MUST BE PLACED ON THE BUSS WIT,H THE 
CLOCK DURING THE CYCLE IMMEDIATELY FOLLOWING THE DATA 
TRANSMISSION. 

H. MULTIPLE TRANSMISSIONS - WHEN IT IS DESIRABLE TO MAKE 

MULTIPLE TRANSMISSIONS ALONG THE BUSS TO THE SAME MODULE," 
THE REQUEST LINE MAY STAY UP AT ALL TIMES, UNTIL THE LAST 
PIECE OF DATA HAS BEEN TRANSMITTED. THE REQUEST LINE MUST 
BE DROPPED IMMEDIATELY' UPON THF CYCLE FOLLOWING THE LAST 
SFLECr. IF it IS NOT ACKNOWLEDGED, THE REQUEST LINE MUST 
T^EM HE KAlSED AND LOWERED AGAIN IN THE NORMAL FASHION. 

WHEN IT IS DESIRABLE TO MAKE MULTIPLE TRANSMISSIONS 
ALONG THE BUSS TO SEPARATE MODULES, THE REQUEST LINE 
MUST 3E [POPPED WITH THE SELECT LINE AND THE CLOCK. IE 
NO ACKNOWLEDGEMENT IS RECEIVED, THE SAME REQUEST LINE MAY 
SE RAISED ON THE NEXT CLOCK CYCLE. 

I, MODULE READY LINES SHOULD 3E ENABLED ONE CYCLE BEFORE THEY 

ARE READY TO RECEIVE DATA SINCE THE EARLIEST THE MODULE MAY 
RECEIVE •' DATA IS 0*E CYCLE AFTER READY IS ENABLED. 



CIRCUIT OPERATION! 
LINES ARE SATED wv TH^:e0SS,IN THE FOLLOWING FASHION, 
*. NO MODULE NAY TFANS«IT ON THE RUSS DURING T«0 SUCCESSIVE 
CYCLE. 

B. A PRIORITY FLAG IS f. E T ,F c VE R , , „ *E MODULES REQUEST 

T^ SU.S AT THE S^ET^E. IN THIS ST A TE, ALL REVESTING 
MODULES ARE JN A CL08ep GP0 UP WHICH JS COMPLETELY SERVICED 
^D THEN THE PRIORITY. FLAG IS CLEARED. 
C MODULES IN THE CLOSED .GROUP DESCRIBED ABOVE ARE SERVICED' 
Br ORDER OF a PRIORITY STRING DETERMINED BY PHYSICAL 
LOCATION OF THE MODULE IN THE SYSTEM, 
0. ALL REQUESTS * A DE SINCE T*E PRIORITY FLAG WAS SET AND ANY 

PRESENT REQUESTS ARE T ; HEM CONSIDERED AS ANOTHER CLOSED GROUP 
OF REQUESTS, SERVICED 'l* THE SAMf FASHION. THF PRIORITY 
FLAG IS THEN SET ,.,TI U ' THIS SECOND SET I S SERVICED. 
t. !F N0 requests WERE *A0E DURING' THE SERVICING OF THE FIRST - 
«°U* «F REVESTS, W PRIORITY FLAG *EM A >*S « EARED UNTIL 
TWO OR MORE MODULES REQUEST SIMULTANEOUSLY. 
'-. * MODULE WILL NOT ,, SELECTED TO TPANSHIT IF THE RECEIVING 
MODULE IS NOT REAilY. 



HP OMEGA 
I/O MODULE SPECIFICATIONS 

TABLE OF- CON IENTS 

1. StNEKAL BESCIUPJIQN 

2. TYPES OF i/O PROCESSORS 

3. i/O SYSltM OPERATION' 

4. i/O INSTRUCTIONS 
3. I/O PKUWHArt 

6. DEVICE KEJ-EKtNCc TABLE 

7. WASIC STKUCiUKE Of THE I/O MULTIPLEXOR 

8. CONNECTION ANjj a J 8CONNEC I ! ON; OF . OEV ICE CONTROLLERS TO THE 

I/O iNTtKF ACE BUS, 

9. SEQUENCES OF I/O UPEKAUUNS 
10.. I/O STATUS HALFWOkU ' 



I, GENERAL DESCRIPTIUN 

1/0 MODULES IN THE HP OMEGA SYSTEM PROVIDE MEANS FOR THE 
TftANShlSSlUNS UK UAIA, COwTKUL ORDERS, AND STATUS INFORMATION 
AMONG THE CPU, HtMOKY MODULES, AND PERIPHERAL DEVICES, EACH 
I/O MODULE IS CAPABLE OF.' ACCfcPTlNG AND INTERPRETING I/O 
INSTRUCTIONS ISSUED 8Y THE CPU, EXECUTING STORED I/O PROGRAMS 
WHICH CONSIST Of- 1/0 COMMANDS, AND PROCESSING OR TRANSFERRING 
TO THE CPU INIERKUPTION REQUtSTS FROM PERIPHERAL DEVICES. 

AN I/O MODULE CONSISTS UF AN I/O PROCESSOR WITH A SET OF 
DEVICE CONTROLLERS ATTACHED 10 IT THROUGH AN I/O INTERFACE. 
EACH DEVICE CONTKULLER IS IN TURN LINKED TO A SET OF PERIPHERAL 
DEVICES OF THE SAME TYPE.' THE RELATIONSHIP BETWEEN AN I/O 
MODULE AND OTHER ELEMENTS', OF THE HP OMEGA SYSTEM IS SHOWN IN 
FIG. I. 

2 V TYPES UP I/O PRUCtSSGRS 

THERE ARE T»<0 fYPES UF J/U PROCESSORS! MULTIPLEXOR ANO 
SELECfQK. THERE n A If BE U9 TU HS6.DEYICE CONTROLLERS ATTACHED 
TO EACH 1/U PRUCtbSOR. AN 1/0 MULTIPLEXOR SERVICES PERIPHERAL 
DEVICES IN THE MULTIPLEXMODt, I.E., IT CAN SUSTAIN CONCURRtNTLI 
ONE 1/0 OPEKAUON PER DEVICE CONTROLLER SO LONG AS IT CAN 
TOLERATE THE iblAL LOAD. IMPOSED BY THE SIMULTANEOUS I/O 
OPERATIONS. AN I/O SELECTOR OPERATES IN THE BURST MODE, I.E., 
ONLY ONE UAIA TRANSFER MAY Bft IN PROGRESS THROUGH THE SELECIOK 
AT ANY TIME. I Ht FACILITIES OF A MULTIPLEXOR ARE TIME-SHARtU 
AMUNG DEVICE CONlhOLLERS. THE FACILITIES OF A SELECTUR IS 
MONOPOLIZED BY A SINGLE DEVICE CONTROLLER AT a TIME. AN 1/0 
/'MULTIPLEXOR MAY APPEAR AVAILABLE TO I HE CPU FOR ACCfe.PT$N^> 
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FIG. 1 AN I/O MODULE iN THE MP OMEGA SYSTEM 



NEW J/0 INSTRUCTIONS WHILE PREVIOUSLY INITIATED 1/0 OPERATIONS 
ARE ST1UL IN FKOUKESS, HHEKfcAS AN I/O SELECTOR APPEARS BUSY Tu 

NEW I/O INSTRUCTIONS. 

4. I/O -SYSTEM OPERATION 

ALL J/0 UPEkaTIONS ARE VITIATED BY I/O INSTRUCTIONS 
ISSUED TO l/Q PROCESSORS -FROM THE CPU, AN I/O PROCESSOR IS 
RESPONSIBLE, «*EN AVAILABLE, FOR ACCEPTING AND INTERPRETING 
AN I/O iNSTKUCriUN. PROCESSING UP AN I/O INSTRUCTION MAY 
ENAdLE THE CPU Tu TRANSFER DATA DIRECTLY TO OR FROM A SPECIFIC 
PERIPHERAL DEVJCt, MAY CAUSE AN I/O UPERATION TO HALT, MAY 
PRtSLNT I/O SIATUS INFORMATION 10 THE CPU, OR MAY INITIATE THE 
EXECUTION OF A StUUENCE OF I/O COMMANDS AS PREVIOUSLY SET UP 
IN COKE. fO ACCUMPUSH THE iASKS REQUIRED BY I/O INSTRUCTIONS, 

* ■■■* , 

AN I/U PROCLSSUR ISSUES I/O COMMANDS TO ITS DEVICE CONTROLLERS, 

■ f ■ 
EACH UEVICE CONIKOLLER IN TUNN INTERPRETS THE COMMANDS AND 

ISSUES CONTROL ORDERS TO ITS DEVICES. 

*. I/O INSTRUCTIONS 

iHERE AKb FIVE I/O INSTRUCTIONS AS DESCRIBED IN THE CPU 

instruction st ft :■'::'''■; ':;..../ 

SI0 (START 1/0) ■ 

INIUAIES THE EXECUTION OF AN I/O PROGRAM. 
T 10 UEST i/0) 

FETCHES THE STAlUS INFORMATION OF AN I/O DEVICE. 
Hjo {HALT I/O* 

TfeRMINATES OPERATIONS AT AN I/O DEVICE. 



ROD {HEAD DIRECT) 

PROVIDfcS A D'REGT INPUT DATA PATH FOR AN I/O DEVICE, 
WRD (WRITE DIRECT) 

PROVIDfcS A DIRECT UUTPUT DATA PATH FOR, AN I/O DEVICE. 



I/O PROGRAM 

AN I/O PROGHAM SHOULD BE SET UP IN CORE PRIOR TO THE 
ISSUING OF START 10 INSTRUCTION TO AN I/O PROCESSOR. THE ' 
CONTENT' OF THE I/O PROGRAM MAY NOT BE ALTERED BY THE I/O 
PROCESSOR. T*0 IYF£S OF INFORMATION HAY APPE A R IN AN I/O PROGRAM, 
THEY ARE I/O'- COMMAND WORDS <CW) AND DATA BLOCK PARAMETER 
>*ORUS (BPW>, A »PW rtAY-'ONLT FOLLOW A HEAD OH WRITE COMMAND, 
OR IT MAY POLLOH ANOTHER Opw if SO SPECIFIED BY THE LEFTMOSl 
BIT UF THE PRECEDING BPW. THEREFORE, THE FXKST WUND IN AN 
I/O PROGRAM IS ALWAYS A COMMAND WORD. A READ OF WRITE COMMAND 



BLOCK PARAMETER WORDS, THE 



IS ALWAYS fULLOfcfcb BY ONE OK MOKE 

LEFTMOST BIT OF A BPW IS USED TO SPECICY WHET H ER THE NEXT 

PROGRAM WORD, IF ANY, IS AC* OR ANOTHER BPW. 

A 8L0CK PARAMETER WORD MAS THE FOLLOWING FORMAT* 



DC 



BYTE COUNT 



BYTE ADDRESS 



I 



13 14 



31 



A BLOCK KARAITE* SPtC.lMES THE LOCATION AND SUE OF A 
3LUCK OF DATA TO BE TRANSFERRED. 4) l T IS TH£ DATA-CHAINING 
IfiC) BIT WHICH U USED TO SPECIFY WHETHER OR NOT ANOTHER SRw 
^ IMHEDUSELY FulLLWING. BITS i-13 ARE USED TO SPECIFY THE 



NUMBER OF BYTES In 'THE DATA BLOCK TO BE TRANSFERRED. BITS 14-31 
ARE USED TO. SPECIFY THE STARIING ADDRESS FROM OR TO WHICH THE 
FIRST BYTE'OF OAIA IN THE, BLOCK IS TO BE TRANSFERRED. 

THERE ARE FivE COMMANDS fcHICH MAY APPEAR IN AN I/O PROGRAM* 

READ 
WKJTE 
SENSE 
CONTROL 
JUMP 
A COMMAND WURD <Cw) HAS THE FOLLOWING FORMAT! 



CMD CODE 



FLAGS 







MODIFIER 



MEMORY ADDRESS 



7 8 



10 I! 



13 14 



THE FIELDS AWE DEDICATED TO THE FOLLOWING PuRPOSESi 
COMMAND CODfcl BITS 8-7 SPECIFY THE UPERATION TO BE PENFORMtD, 
FLAGSj BITS B-i(e AHE USED TO SPECIFY COMMAND CHAINING, 

INTERKUPI UN COMPLETION, AND HALT ON TRANSMISSION EKROK. 
IF THE COMMAND CHAINING' (CO BIT IS ONE, THE PRESENT 
COMMAND WOKU TOGETHER WITH ITS BLOCK PARAMETERS IF ANY, 
IS FOLLOWED BY ANOTHER COMMAND WORD IN THE I/O PROGRAM. 
THUS, ONLY JME LAST COMMAND WORD IN AN I/O PROGRAM HAS 
■THE COMMAND CHAINING Bll' 2ER0. IF THE INTERRUPT ON 
COMPLETION MT IS UH£ f . A.N INTERRUPTION WILL BE REUOESTED 
UPON THE COnpLETlON OF THE UQ.MMAND EXECUTION, IF THE 
HALT ON TRANSMISSION EKKOK BIT IS ONtr THE DATA ■ TKANSFtK 
UPERATION ANJJ I HE DEVICE; KILL Bt HALTED AS SOON AS A 



TRANSMISSION ERROR IS DETECTED. OTHERWISE, DATA TRANSFER 
WILL CUNIIhWE AND THE I/O DEVICE MAY REWuEST TO PRESENT THE 
ERROR STATUS AFTER COMPLETION OF THE CURRENT DATA TRANSFER. 
MODIFIER! BITS U-U, IF USED, FURNISHES MOR E INFORMATION 

ABOUT 1HE OPERATION TO BE PERFORMED. 
MEMQKT ADDRESSr BITS i4 -sji SPECIFY A MEMORY LOCATION. THIS 
FIELD ISSUED. ONLY FOR SOME OF THE COMMANDS* JUMP,' SENSE, 
AND CONTROL, 

ANy FIELD WHICH IS NOT USED FOR A PARTICULAR COMMAND IS 
IGNORED NHEN \HL COMMAND IS, EXECUTED. 

1ME EFFEC1S OF THE I/O COMMANDS ARE EXPLAINED IN THE 
FOLLOWING* 

(1) READ 

ONE OK MORE BLOCKS OF DATA AS SPECIFIED IN 
SUBSEQUENT 8PWS ARE TO BE TRANSFERRED FROM THE I/O 
DEVICE TO MEHORY CORE. DATA WITHIN EACH BLOCK IS 
TO S-E a»QRED IN AN ASCENDING ORDER OF ADDRESSES, 
SFAKYlNt, WITH THE 'ADDRESS SPECIFIED IN THE kiPW. 
(2> WK1 fE 

ONE OR MORE BLOCKS OF DATA AS SPECIFIED IN 
SUBSEQUENT BPW'S AXE TO BE TRANSFERRED TO THE I/O 
DEVICE FROM MEMORYCORE. DATA WITHIN EACH BLOCK IS 
TU b£ FETCHED FROM MEMORY IN AN ASCENDING ORQER OF 
ADDRESSES, STANJINy WITH THE ADDRESS SPECIFIED IN 
THE BPw. 
(3) SENSE 

ONf OR MORE BYT.ES OF DATA CONCERN IN9 BOTH 
UNUSUAL CONDI! JONS iySUCTED IN 1 HE LAST UPENAliON ANff 



TME STATUS OF THE DEVICE ARE TRANSFERRED TO MEMQRr 
CORE. fHE DATA JS STORED IN MENORT IN AN ASCENDING 
OKDtR u* ADDRESSES, STARTING WITH THE ADDRESS 
SPECIFIED IN THE ADDRESS FIELD OF THE COMMAND WORD. 
THE NUM8E* AND THE MEANING OF BYTES TO BE TRANSFERRED 
ARE PECULIAR TO THE TYPE OF THE I/O DEVICE. 
U> CUNJKOl. 

AN OPERATION NOT INVOLVING DATA TRANSFER IS 
1NHIAIED AT THE I/O DEVICE. EITHER THE LEFT HALF 
OK TME 'hHGLE OF THfc CW MAY BE SUFFICIENT TO SPECIFY 
THE OPthAlIONS TO BE PERFORMED. IF MORE CONTROL 
INFORMATION IS NEEDED, THE ; ADDRESS FIELD IN THE CW 
MAY BE USED TO SPECIFY THE LOCATION CONTAINING THE 
AOaiTiUftAL INFORMATION,, THE CONTROL INF-ORHAMON IN 
CORE, ip ANY, IS IKAMSFERKED TO THE DEVICE FROM CORE 
IN an ASCENDING U^DER OF ADDRESSES, STARTING WITH 
rHE ADJJKESS SPECIFIED IN THE CW, 
(5) JOMS-' 

1Mb JUMP COMMAND DOES NOT INITIATE ANY I/O 
OPEKAUON OVER } HE I/O INTERFACE, A N D THE I/O DEVICE 
IS NOI AWARE OF THt; PRESENCE OF THIS COMMAND. THE 
EFFECT OF THIS COMMAND IS FOR -THE I/O PROCESSOR TO 
KETCH ihE NEXT COMMAND WORD FROM THE LOCATION 
SPECIFIED IN THE ADIIRESS FIELD OF THE JUMP COMMAND 
WORD. 



6. DEVICE REFERENCE TABLE 

SINCE LATA IS FU BE TRANSFERRED IN 8L0CKS AND THE V/0 
PROGRAM IS NUT TV BE ALTERED BY THE I/O PROCESSOR, THE I/O 
SYSJtM MUST at PKOV1DE0 WITH SOME SOKT OF WORKING REGISTERS,' 
SUFI OH HARD, TO KEEP TRACK OF THE PROGRESS Op DATA TRANSFER. 
A SET OF CONTIGUOUS LOCATIONS IN THE CORE MEMORY IS ASSIGNED fO 
tit USED AS THE DtVlCE REFERENCE TABLE (DRT). FOR THE I/U 
MULTIPLEXOR, T«0 CONTIGUOUS LOCATIONS ARE ALLOCATED FOR EACH 
DEVICE Co/fROLLEN. THE CONTENTS OF EACH ENTRy IN THE ORT HAVE 
THE FOLLOWING FOkmaY* *. 



NOT USED 



CAR 



15 16 



3! 



DC 



3CR 







DAR 



13 14 



31 



'■■■ WHEKE* 

i ' , 

CAR* COMMAND ADDRESS REGISTER HOLDS THE ADDRESS OF THE 

NEXl COMMAND TO 8E EXECUTED. 
DCt DATA CNAIMN6 BIT SPECIFIES DATA CHAINING. 
BCR* BYTE CUUNT REGISTER HULDS THE NUMBER OF BTTES LEFT IN 

THE CUKWENT BLOCK TU BE TRANSFERRED. 
DAK* DATA ADDRESS REGISTER SPECIFIES THE ADDRESS TO OR 

FKOM HniCh 1HE NEXl BYTE IS TO BE TRANSFERRED. 
IT IS UPIIONAL FOR A DEVICE CONTROLLER T HAVE AN ACTIVE- 
REGISTER HOLDING fHE DATA-CHAlNl NG BIT, BYTE COUNT, AND DATA 
ADDRESS. FUR COMMENCE OF REFERENCE, A DEVICE CONTROLLEK 
WITM THE OPTIONAL KEGISTKK U;RtFFERtD TO AS OF TYPE A? OEViCt 



CONTROLLERS WITHOUT THIS OPTION ARE REFERRED TO AS OF TYPE B. 
FOR A TYPE A DEVICE CONTKULLfcR, THE SECOND WORD ASSIGNED TO it 
IN THE UEViUE REFERENCE TA8Lt IS NOT USED. 

DEVJCfc CONTKULL&rtS ATTACHED TO AN 2/0 SELECTOR ARE ALL OF 
TYPE tf. THE DEVICE REFERENCfc TABLE FOR EACH I/O SELECTOR 
HAS ONLY ONE ALLOCATED LOCATION FUR EACH ATTACHED DEVICE 
CONTROLLER. UNLT COMMAND ADDRESSES ARE ENTERED INTO THIS TABLE. 



7. BASIC STRUCTURE Of THE 1/9. MULTIPLEXOR UOHP) 
HG. 7.1 BLOC* UlAGftAM OF THfc I/O MULTIPLEXOR 



TYP 



[ 



St&TErT BUS 



1 



U R 



nu 



.&. 



ttPtU 
"-7K- 



SEQUENCINS 

CONTROL 

LOQIC 



i 



~ — 7f 



18C 



— yy 

fCNtS) I 

7fT ' 



uc 



_& 



r 



-XL 



D(S> 



-w~ 



c 




A(18) 



act i3) c 



0SB(8) 



!> 



DEVICE STATUS BUFFER 



I/O BUS BUFFER 16 
— — : -_ 



BS1 



ASH 






wr. 



I/O BUS 
A8 LINES 



CLK 



V 



SEL 



I 




SHV j J CHi) 



BAD • 



bcnI 



LBT 



DSC 



DSR 



TO DfcVitE UONiROLLERy . 



v ; y y v 



3-KEU 1 



FROM DEVICE CONTROLLERS 



VK 



SRV~KtQ 



S1A-IN 



r 



1 1 



A 



DAT-1N 



DVN-IN 



BfA 



-IN j 



VOTES A8UUI FIG. 7.1. 

NPIOI LOGIC CONTKULUNG THE COMMUNICATION BEJWEEN THE IOMP AND 
OTHEK MUDULES IN THE HP OMEGA SYSTEM, 
8« SYSTEM BUFFER REGISIE*, BU4-31) IS CAPABLE OF COUNTING. 
A* ADDRESS REGISTER, 
U* DEVICE NUMBER REGISTER, 
FCNi FUNCTION htuiSTER CONTROLS I/O SEQUENCING. 
DC* DATA CHAINING FLIP-FLOP. 
BC* BYTE CUUNltK (13 BITS* 
OSBi DEVICE STa»US SUFFER PK0VI0E3 TEMPORARY STORAGE FOR 
STATUS PKE&ENTED FROM J HE DEVICE. - 

TYP* FLIP-FLOP MOLDS THE TYPE OF THE DEVICE CUNTKOLLER 

CURRENTLY UGMftUNICA T INb WlfH THE IOMP, 
3SY* BUSY FLiP-t-LOP. 

ACRl ACKNUrtLtUGt COMMAND REUUEST FLIP-FLOP. 
. ASK: ACKNOWLEDGt SERVICE REUUEST FLIP-FLOP. 

CLK: clock. 

SELl SELECT-OUT. 

SRV* SERVUE-OUI. 

CMDl COMMAND-CUl 

BAD* BYTE-AODRE»S-QUT, 

BCN* 8YTE-UOUN1-UUT < INCLUDING DA TA-CHA INING BIT) . 

LBTs LAST WYfE. 

DSC* DISCONNECT 

DSK* DISCONNECT AND RAISE COMMAND REQUEST. 



CrtO-KEU l COMMAND ft&UUE.S T ' 
$«y-REUJ SERVICE Riuuzsi . 

STA-1N* 5TATUS-IN 

UAT-tNt .DATA-IN, 

UVN-INt DAViCf»,NUffbF.H«IN'. 

8fA»lN« 8rTE»ADUKtJ>S-lN., 



16. 7.2 TYPICAL STRUL1URE OF A TYPE A DEVICE CONTROLLER. 



± 



CMD-REU 



1 



I SRV-RfcU 



± 



STA-JN 



BSY 



C&L 



A 



J 



typ; 



* 




DAT-IN 






L6T 





DEVICE NUMBEK 
DfcCO&ER 



<r 



I V y< 



J& 



DEVICE STATUS 
TABLE 



CONTROL ORDER 
OfcNERATOR 



£- 



oc 



3YTE COUNT 
RE8I5TER 




X(i8) 



7Ti — A" 



Jit 



A 



FUNCTION 
REGISTER 



-^ 



8YTE ADDRESS 
REblSTEW 



DEVICE BUFFER REGISTER 



DEviCtS 



W 



DEVICES 



-<> 



Xt its-Sil I/O INTERFACE BUFFER REGISTER. 

CSLs CONTROULER-riELEC'j Fultf-FLOF. THE. CONTROLLER IS LOGICALLY 
CONNECTED TO INE i/O INTERFACE IF CSL IS ON, 

DSTl DEVICE STAluS TABLE CONTAINS ONE ENTRY FOR EACH ATTACHED 
DEVICE fU *£EP ITS STA.1US BITS, 

COOJ CONIKUJ. URUER G£f:ERATO« TRANSFORMS I/O COMMANDS INTO 

SEUU;-NCE& Qf QFfcfiATlL'N ORiJERS TO ATTACHED I/O DEVICES, 

THE H^Ii: Qi- Ci.G IS 'i.'S^ENDENr ON SHE TYPE OF I/O DEVICES 



' 8 1 1 '■« G A T -i A C n E D. ,10 f !;■; 



.VICE CONTROLLER. 



CONNECTION AND DISCONNECTION.UF DEVICE CONTROLLERS TO THE I/O 
INTERFACE BUS 

CONNECIION HAY 6E INITIATED BY THE IOMP AND ACCEPTED 8T 
THE SPECIFIED DEVICE CONTROLLER, OK MAT BE REQUESTED BY THE 
DEVICE CONTKOLLEk AND THEN .(WANTED BY THE IOMp. 

THE IOMP AHEMPTS TO INITIATE A CONNECTION UPON RECEIVING 
AN I/O INSTKUCriUN f- ROM THE UPU. THIS IS DONE BY PRESENTINU THE 
SPECIFIED DEVICE NUMBER ONTO THE I/O BUS AND RAISING THE 
SEL-LlNE, EACH ATTACHED DEVICE CONTROLLER SEES THE RAISE OF 
SEL-LiNE AND AITtMPTS TO DECODE THE DEVICE NUMBER PRESENTED 
ON THE I/O BUS. NORMALLY, ONE AND ONLY. ONE DEVICE CONTROLLER 
DECUDES THE DEVIUE NUMBER AS ONE OF ITS ATTACHED DEVICE AND 
THUS IUHNS ON ITS CSL (CONTROLLER-SELECTED) FLIP-FLOP, THE 
"ON" OF CSL WILL AUTOMATICALLY CONNECT THE DEVICE CONTROLLER 10 
THE I/O INTERMCt BUS LOGICALLY. AFTER RAISING THE SEL-LINE, 
,THE IOMP IS EAPEUTING A STATUS KESPONSE FHOM THE SELECTED 
DEVICE CONTKOLLkK. THE IUMP< ASSUMES THAT THE SPECIFIED DEVICE 
CONTROLLER 13 EIlHER PHYSICALLY NON-EX I STANT 'OR NOT OPERATIONAL 
IF NO STATUS RESPONSE IS KECblVEj) WITHIN A CERTAIN AMOONT OF 
TIME, l' 

TWO OF -THE IN-BOUND LINES IN THE I/O INTERFACE ARE 
COMMAND-REQUEST AND SERVICE-REQUEST. EACH DEVICE CONTROLLER 
HAS A CMD-KEU FLiP-FLOP AND * SRV-REQ FLIP-FLOP. THE CMD-REQ 
LINE OR THE 5RV-KEQ LINE iS RAISED IF A CMD-HEO FLIP-FLUP OK A 
SRV-KEQ FLIP-^UUP OF AMY ATTACHED DEVICE CONTROLLER IS SET, 
RESPECTIVELY. Tu Bb HONORED 'BY THE IOMP, a SERVICE REQUEST 
HAS PRECEDENCE OYER A COMMAND KEQUEST, THE IOMP MAY HONOR A 



REQUEST BY SETTING TH£ ACR (ACKNOWLEDGE COMMAND REQUEST) 
FLIP-FLOP UH THE ASH {ACKNOWLEDGE SERVICE REUuEST) FLIP-FLOP, 
ASK |5 SET IF THt IONP IS AVAILABLE AND THE IN-BOUND LINE 
SRV-RE8 IS UP. ACR IS SET IF THE IOMP IS AVAILABLE AND THE 
IN-BOUND LINE SRv-RfcQ IS DOWN AND CMD-NEQ IS UP» THE lUflP 
BECOMES. UNAVAILABLE IF EITHEK ACR OR ASR IS SET. THE "UP" 
SIUNALS Of AC* OK ASR WILL BE PROPAGATED THROUGH DEVICE 
CONfMOLLtRS/ANB STOPPED AT THE FIRST DEVICE CONTROLLER WHICH 
HAS THE .APPROPRIATE REQUEST FLIP-FLOP (CMD-REQ OR SRV-REQ) ON, 
THE DEVICE CONTROLLER WHICH STOPS THE PROPAGATION OF THE 
ACKNOWLEDGE KEQUtST SIGNAL CLAIMS ITSELF AS BEING CHOSEN 8T 
TUNNING ON ITS C»l FLIP-FLOP. THE PROPAGATION OF THE 
ACKNOWLEDGEMENT SIGNALS COULD BE SPEEDED UP By GROUPING DEVICE 
CONTROLLERS AND USING. .CERTAIN LUOK-AHEAD CIRCUITRY. 

A DEVICE CONTROLLER IS LOGICALLY DISCONNECTED FROM THE 
I/O INTERFACE IF ITS CSL 'FLIP-FLOP IS CLEARED, THE RESET OF. 
CSL IS INITIATED BY SIGNALS DSC OR DSR COMING FROM THE IOMP. 
SEQUENCES OF I/O UPERATlONS 

ALL I/O OPtKATIONS ARE ACCOMPLISHED IN THREE SEQUENCESi 
INSTRUCTION StUUtNCE, COMMAND KEUUEST SEQUENCE* AND SERVICE 
REUUEST SEQUENCE. THE FIRST ONE IS INITIATED 8Y THE I/O 
PROCESSOR; THE LAST TWO ARE INITIATED BY DEVl C E CONTROLLERS. 
NORMALLYr EACH StOUENCE STARTS WITH THE ESTABLISHMENT OF 
COMMUNICATION BElwEEN THE I/O PWOCESSOK AND ONE OF ITS ATTACHED 
DEVICE CONTROLLED AND ENDS HlTH THE DISCONNECTION OF THE 
DEVICE CONTROLLEk FHOM THE I/O INTERFACE, 



9.1, INSTRUCTION SEOOfcNCE 

THE INSTRUCTION SESUE'NCt BEGINS WHEN THE IQMP RECEIVES 
AN INSTRUCTION FRCM THE CPU. THE IO«P BATES THE SPECIFIED 
DEVICE NUMBER OU» TC THE J>U «US TO SELECT ONE OF THE DEVICE 
CONTROLLED. THt SELECTEU CONTROLLER WILL RESPOND BY SENDING 
ITS STATUS INFORMATION OVER JHE I/O 80S WITH THE STA-lN TAG 
UP. EVENTS FOLLOWING THE SELECTION OF A DEVICE CONTROLLER 
DIFFER FOR DIFFERENT INSTRUCTIONS. 
Ul SI ART iu 

It IhE DEVICE IS KOT AVAILABLE, THE IOHP SENDS 
THE i/U STATUS AND INSTRUC UON-REJEcT 1NFORMAT ION 
TU THE CPU. BOTH THE CPU AND THE DEVICE CONTROLLER, 
IF ANY/ AhE THEN DISCONNECTED FROM THE IOMP. 

IF THE UEVICE'iS AVAILABLE, TH£ IOMP NOTIFIES 
THE CPU OF THE ACCEPTANCE OF SIO AND RELEASES fHE 

LVU, I HE STARTING COMMAND ADDRESS |S STORED IN THE 
DfcYiCE REFERENCE TABLE IN COKE, AND THE DEVICE IS 
Jj.l6NAt.lD 10 DISCONNECT AND THEN SET THE CMD-REO FLIP- 
FLOP AilEKPUNG TO INI! I ATE A COMMAN0-REUUEST- 
SEOUENU-fe". * ■ 

42) TtSJ IU '':"■■'•'' 

in ANT CASE, THE I/O STATUS IS SENT TO THE CPU, 
AND BOih THE CPU AND THE DEVICE CONTROLLER ARE RELEASED. 

(3) HALT 10 -.''"! 

If THE SPECIFIED, I/O DEVICE IS NOT RECOGNIZED, 

■JHE STATUS I'E SENT TO THE CPU. IF THE SPECIFIED 
DEVICE IS KEC06NI2ED, A COMMAND IS ISSUED TU THE 
9E¥iCE CONTROLLER tQ TERMINATE ANY OPERATION BEING 



CONDUCED BY THE SPECIFIED DEVICE, BOTH THE CPU 
AND THfc. DtVICE CONTROLLER ARE THEN RELEASED. 
U) READ MKECT AND WRITE DIRECT 

Ijf THE DEVICE IS NOT AVAILABLE, THE CPU IS 
NUTlFItD CF INSlRUCTIGN-REJECT WITH THE STATUS 
INFORMATION. IF ME DEVICE IS AVAILABLE, THE COMMAND 
CUDfc Of- READ DIRECf OK WRITE DIRECT IS SENT TO THE 

» 

DEVICE CO^TKOUEK. AND DATA IS TRANSFERRED TO OR 
FROM THE DEVICE WHfcN'.iT IS READY. THE CPU IS RELEASED 
AFTER JHE REWUIREU DA I A IS TRANSFERRED TO OR FROM 
?HE CPU. IF THE JMfA IS 70 BE TRANSFERRED TO OR FROM 
A MEMOKY LOCATION AS SPECIFIED IN THE INSTRUCTION, 
IT IS I HE RESPONSIBILITY OT THE CPU TO FETCH FROM 
UK 'SIURE INTO THE NEMORY THE DATA. 

CUHMANfl-KEUUtST SEQUENCE 

THIS SEQUENCE IS TO lNlUAfE A NEW I/O OPERATION AT THE 
I/O DEVICE. ESSfcNTiALLY, A COMMAND CODE T08ETHER WITH SOME 
NECESSARY INFORMATION IS SEN! TO THE DEVICE OONTROLLER, AND 
THE DtVICE CONlkULLEK-'SHOUU! KNOW WHAT TO DO AFTEK BEING 
DISCONNECTED. .'■ ,\ 

fHE SEUUEHCt IH INII1A1ED IF T^E CMD-RtU LINE IS UP, 
SRV-KEU LINE IS UUKN, AND THE IUflP IS AVAILABLE. THE DEVICE 
CONTROLLER, Af- I E* StlNO SELECTED, SENDS TrtE DEVICE NUMBER 
AND IDENTIFIES I I SELF AS OF I YPE A OK B OVER THE 1/0 INTERFACE. 
THE IOMP FETCHES COMMAND ADDKESS FROM THE DEVICE KEFERENCE 

.-..-■ I. .-' ■' 

Table, fetches the command kurb from core and loads it into 

THE B 'REGISIEK, uhdaTES THE i-UMMAND ADDRESS IN THE DRT. 



If IHE COMMAND WUHO IN 6 IS ^JUMPy THE NEW COMMAND ADDRESS 
SPEUIMED IN IHE JUMP CDMMANU IS STORED IN THE DRT, AND THE 
DEVICE CONlRO'LLfcK IS SIGNALED TO DISCONNECT AND ATTEMPT 
ANOTHER COHrtANfl-NEOUEST. ' JF THE COMMAND WORD IN H IS OTHER 
THAN JUMP, THfc IUMP PUTS THE LEFT 16 BITS OF THE B REGISTER ON 
THE I/O BUS AND RAISES CMD-OUT, AFTER THE COMMAND CODE IS 
RECEIVED BY THE DEVICE CONTROLLER, DIFFERENT EVENfS MAY FOLLOW 
DEPENDING ON THE TYPE OF THE COMMAND AND THE TYPE OF THE DEVICE 
CONTROLLER. IHE DEVICE CONTROLLER WILL BE DISCONNECTED AFFER 
RECEIVING ALL TMt NECESSARY INFORMATION FOR EXECUTING THE 
COMMAND. 
.3. SERVICE REUUEST SEQUENCE '• 

I HIS SEUOENUE IS REQUESTED BY THE DEVICE CONTROLLER WHEN 
IT IS KEAUY TO PRESENT OR RECEIVE A SET OF DA T A, STATOS, OR 
CONIRUL INFORMATION. AFTER ttEING SELECTED, THE DEVICE CONTROLLER 
SENDS OVER IHE I/O tjUS TO TMt IOKP THE DEVICE NUMBER AND THE - 
TYPE UP SERVICE ruR WHICH If 13 REQUESTING, THE IOMP THEN 
MODIFIES US. FCN REGISTER DEI-ENDING UPON THE TYPE OF SERVICE 
REQUESTED. DIH-tHENT EVENTS WILL FOLLOW FOR DIFFERENT TYPES 
OF SERVICE KEWUt&TS. 

THE SEKVICE TYPES INCLUDE* 

<1> »U PRESftrtT DAiA AN -A READ COMMAND FOR A TYPE A DEVICE 
CUNIKUU.EK W;THUUT DEMANDING DATA-CHAINING. * 



(2) TO PKEStNT DATA *N A READ COMMAND FOR A TYPE A DEVICE 

CUNIROLLER DEMANDING DATA-CHAINING. • 

(3) TO htUUtST OATA IN A WRITE COMMAND FOR A TYPE A DEVICE 

CONIKULLEN NOT DEMANDING DATA-CHAINING. 
U> TO KEUUtST DATA IN A WHITE COMMAND FOR A TYPE A DEVICE 

CONTROLLER DEMANDING DATA-CHAINING. 
<5> TO PREStNT DATA I« A READ COMMAND FOR A TYPE B DEVICE 

COMTKOLLEH, 
<6> 1U xtuUtST DATA IN A WHITE COMMAND. FOR A TYPE 8 DEVICE 

CONTROLLER, 
<7> TO PKEStNT DATA IN A SENSE COMMAND. 
CS> TO RtUUtST DATA IN A CONTROL COMMAND. 
(9) TV PKLStNT STATUS INFOKNATION. 

"^m!?.*? DA ; A "^ Ai «5^ MEANS UATA-CHA INING IS REUU1KED IMMEDIATELY 
FOLLUhlNO I HE. TKArtSI-EK OF CUxKENf BYTE. 



l/U SIATUS HALFwutfD . 
$>iT SIATUS 

*»1 OtVlCE AVAILABLE 

02 utvicE ausr 

•«3 DtVICE ■ 'INTERRUPTION PENOING 

'•»4,\'. DtVlCE- NOT RE'UOQNJZED 

tf 5 UtVKE CONTKULLJEK BUSY 

fe& UtVlCE CONTROLLER INTERRUPTION PENDING 

tf7 Dt VICE COMRULLEK NOT RECOyNUED 

11 INSINUATION hfc JEOT „ 

12 CUMMAND REJECT : . 

13 iN'iEKVENTION. KEUUI*ED ■■■ 

14 OvfeRKUN 

1*-. i«*NSMI33iON ERROR 

16 FKQCeSSOR DOWt '. 

17 FiLE PRUTEUT 



